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NANOTECHNOLOGY: FROM LABORATORIES 
TO COMMERCIAL PRODUCTS 


TUESDAY, MAY 20, 2014 

House of Representatives, 
Subcommittee on Research and Technology 
Committee on Science, Space, and Technology, 

Washington, D.C. 

The Subcommittee met, pursuant to call, at 10:05 a.m., in Room 
2318 of the Rayburn House Office Building, Hon. Larry Bucshon 
[Chairman of the Subcommittee] presiding. 
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I'.S. HOI SE OFBEPRESEM ATI\ KS 
COMMI'l l EE ON SCIENCE, SPACE, AND TEC HNOLOGY 
SUBCOM.MU TEE ON RESEARCH AND TEC HNOI,OGY 

HEARING CHARTER 

Nanotechnology: From Laboratories to Commercial Products 

Tuesday, May 20, 2014 
10:00 a.m.- 12:00 p.m. 

23 1 8 Rayburn House Office Building 


PURPOSE 

On Tuesday, May 20, 2014, the Subcommittee on Research and Technology will hold a 
hearing entitled Nanotechnology for the 21^ Century. The purpose of this hesriHg is to examine the 
current state of nanotechnology research and development (R&D) as well as future opportunities 
and challenges. In addition, the hearing will discuss policy issues surrounding nanotechnology 
applications and activities, federal funding levels for nanotechnology R&D, and key legislative 
initiatives including the interagency National Nanotechnology initiative (NNl). 


WITNESS LIST 

• Dr. Timothy Persons, Chief Scientist, United States Government Accountability Office 

• Dr. Lloyd Whitman, Interim Director of the National Nanotechnology Coordiiiatidtl OSoe and 
Deputy Director of the Center for Nanoscale Science and Technology, NationalTnsdtufe of 
Standards 8ttd Technology 

• Dr. Stevenson, Professor, Department of Chemistry & Biochemistry, The University of 
Texas at Austin 

• Dr. Mark Hersam, Department of Materials Science & Engineering, McCormick School of 
Engineering & Applied Science, Northwestern University 

• Mr. Les Ivie, President & CEO, F Cubed 

BACKGROUND 

Introduction 

Nanotechnology loosely refers to the subject of technology developed at the nano-scale, or 
sizes ranging from less than 1 nanometer to hundreds of nanometers. For perspective, a nanometer 
is approximately 1/10,000”' of the thickness of a human hair.' Therefore, nanotechnology includes 
the production and application of physical, chemical, and biological systems on the size scale of 
atoms and molecules as well as the integration of these nanostructures into larger systems. 


‘ littp://books.googie.com/boolc5/aboul/Biobusiness.html?id=rLCaudOZILMC p. 30 
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According to the 2014 Battelle Global R&D funding forecast, “nanomaterials are expected 
to be even more important over the next three years ... as a key area of technology development.”^ 
Advances in nanotechnology will also spur breakthroughs in other diverse areas including materials 
and manufacturing, solid state electronics, medicine and healthcare, energy, biotechnology, 
information technology, and national security. Nanotechnology R&D, as a long-term investment, 
will likely result in significant growth to the nation’s economy. 

Government Accountability Office (GAO) Report on Nanomanufacturing 

At the request of Chairman Lamar Smith of the House Science, Space and Technology 
Committee, the GAO conducted a study and released a report entitled “Nanomanufacturing: 
Emergence and Implications for U.S. Competitiveness, the Environment, and Human Health” ^ last 
February, that examined current issues related to nanotechnology and nanomanufacturing. The 
report identified various concerns, including: 

(1) the valley of death - gaps in funding or support for technology development and 
manufacturing development; 

(2) the lack of participation in setting standards for nanomanufacturing and nanotechnology; 

(3) the lack of national vision for nanomanufacturing capability; and 

(4) the need for integrated framework to help assess and address the environmental, health 
and safety implications. 

The report also discussed the need for the National Nanotechnology Coordination Office (NNCO) 
to increase public awareness about benefits and risks of nanomanufacturing. 

National Nanotechnology Initiative 

The National Nanotechnology Initiative (NNI) was launched in 2001 with a multi-agency 
federal investment of $497 million and first authorized by Congress in 2003 with the Century 
Nanotechnology Research and Development Act (P.L. 108-153). The four goals of the NNI are to: 

(1) advance world-class nanotechnology research and development, 

(2) foster the transfer of new technologies into products for commercial and public benefit, 

(3) develop and sustain educational resources, a skilled workforce, and the supporting 
infrastructure and tools to advance nanotechnology, and 

(4) support the responsible development of nanotechnology. 

The primary purpose of creating the NNI is to ensure coordination across disparate Federal 
agencies for their R&D investments in nanotechnology. Currently, twenty federal agencies fund 
NNI research or have regulatory responsibilities. About 95% of this funding is spent by the 
National Institutes of Health (NIH), National Science Foundation (NSF), Department of Energy 
(DOE), National Institutes for Standards and Technology (NIST), National Aeronautics and Space 
Administration (NASA) and Environmental Protection Agency (EPA). The President’s FY 2015 
budget request for NNI across these agencies is $1,536.9 billion, a decrease from $1,550.2 billion 
spent in FY 2013 and $1,537.5 billion estimated to be spent this fiscal year."' 


^ http://www.battelle.org/docs/lDD/2014 global rd funding forecast.pdf . p. .31 
^ http://www.gao-gov/Droducts/GAO-14-I81SP 

' httD://www.nano.gov/sites/defaull/files/nub resource/nni MS budget supplement.ndf . Table 2 
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In addition, NNI created the National Nanotechnology Advisory Panel (NNAP), called for a 
triennial review of the NNI by the National Academies, and established functions for the National 
Nanotechnology Coordination Office (NNCO). The NNCO provides technical and administrative 
support to the Nanoscale Science, Engineering, and Technology (NSET) Subcommittee, serves as a 
central point of contact for Federal nanotechnology R&D activities, and provides public outreach on 
behalf of the NNI. The NNCO Director and NNCO Deputy Director are detailed from a Federal 
agency to the National Science and Technology Council (NSTC) and are appointed by the White 
House Co-Chair of the NSTC Committee on Technology. 

Currently, the NNI investments are guided by a strategic plan published in February 2014.^ 
Priorities for NNI funding by Program Component Area are: Foundational Research (35% of NNI 
funding); Applications, Devices, and Systems (24%); Signature Initiatives (19%); Infrastructure & 
Implementation (16%); Environment, Health, and Safety (7%).* The Nanotechnology Signature 
Initiatives are its own Program Component Area in the FY 2015 Budget Supplement' with the 
following priorities defined by Office of Science and Technology Policy as: 

• Nanotechnology for Solar Energy Collection and Conversion; 

• Sustainable Nanomanufacturing; 

• Nanoelectronics for 2020 and Beyond; 

• Nanotechnology Knowledge Infrastructure; and 

• Nanotechnology for Sensors and Sensors for Nanotechnology 

National Academies of Science Report on the NNI 

In 2013, the National Research Council (NRC) undertook its third triennial review of the 
NNI, as mandated in the 2f‘ Century Nanotechnology Research and Development Act (P.L. 1 08- 
153). The resulting report raised several concerns and identified five crosscutting topics: (1) the lack 
of information about the current research being undertaken, (2) the need to enhance planning, 
management, and coordination by developing and implementing interagency plans, (3) the 
development of a website to effectively serve all stakeholders, (4) improving the assessment of 
project progress toward specified goals, and (5) the benefits from identifying, sharing, and 
implementing best practices. 

NSF Funding of the National Nanotechnology Infrastructure Network 

The National Nanotechnology Infrastructure Network (NNfN), which supports the 
infrastructure of the NNI was only authorized for ten years, ending in FY 2013.° The NSF solicited 
proposals in 2013 to establish a Next-Generation NNIN to succeed the former program through FY 
2018. Two university teams submitted proposals, and the NSF announced in April that it would 
not fund either proposal. Although the NNfN funding will last until August 2015, some services are 
slated to be discontinued. After August 2015, access to NNfN facilities and staff will be at the 
discretion of individual laboratories.^ The NSF has noted that it will “bridge funding to support the 
current NNIN facilities and staff for the immediate future in order to minimize disruptions to 


° http://vtww.nanQ.eov/nQde/1113 
° http://www.nano.gov/nQde/1128 
'httD://www.naD.edu/catalog.DhD?record id= 1 827 1 
^ htti)://www .iisf.gov/Dubs/2013/nsfi3521/nsfl 352l.htm 
° httD://www.nnln.org/ 
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ongoing nanotechnology user projects and student education”, with the hope of soliciting “a future 
NSF nanotechnology infrastructure support pro^'am”.'” 

Current Legislation 

In this current Congress, the following bills have been introduced that contain 
nanotechnology policy issues: 

• H.R. 394: Nanotechnology Advancement and New Opportunities Act 

• H.R. 1385: Safe Cosmetics and Personal Care Products Act of 2013 

• H.R. 4 1 59: America Competes Reauthorization Act of 20 1 4 

NNI Budget, by Agency, 2013-2015 " 

(dollars in millions) 


Agency 

2013 Actual 

2014 Estimated* 

2015 Proposed 

CPSC 

1.3 

2,0 

2.0 

DHS 

14.0 

24.0 

32.4 

DOC/NIST 

91.4 

97.8 

82.6 

DOD 

170.1 

175.9 

144.0 

DOE** 

314.2 

303.3 

343.1 

DOT/FHWA 

2.4 

2.0 

1.5 

EPA 

14.6 

15.5 

16.8 

DHHS (total) 

485.4 

469.5 

469,6 

FDA 

16.1 

17.0 

17.0 

NIH 

458.8 

441.5 

441.5 




11.1 

NASA 

16.4 

17.9 

13.7 

NSF 



412,4 

USDA (total) 

19.5 

19.1 

18.8 

ARS 

2.0 

2.0 


FS 

5.0 

4.0 


NIFA 

12.5 

13.1 

12.8 

TOTAL*** 

1,550.2 

1,537.5 

1,536.9 


* 2014 numbers are based on 2014 enacted levels, and may shift as 
operating plans are ftnalized. 

** Funding levels for DOE include the combined budgets of the Office 
of Science, the Office of Energy Efficiency and Renewable Energy 
(HERE), the Office of Fossil Energy, and the Advanced Research 
Projects Agency for Energy (ARPA-E). 

*** In Tables 2-6, totals may not add, due to rounding. 


http://www.nsf.gov/news/news summ.isp?cntn id=131012 
* ^ http://www.nano.gov/sites/default/files/pub resource/nni fVl 5 budget supplement.pdf . p. 8 
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Chairman BucsHON. The Subcommittee on Research and Tech- 
nology will come to order. 

Good morning. Welcome to today’s hearing titled “Nanotech- 
nology: From Laboratories to Commercial Products.” In front of you 
are packets containing the written testimony, biographies, and 
truth-and-testimony disclosures for today’s witnesses. I now recog- 
nize myself for five minutes for an opening statement. 

Nanotechnology is an area of great promise for the future of the 
U.S. economy, the leaps and bounds in scientific knowledge base, 
and in terms of potential products and employment opportunities 
as the technology continues to mature. Many believe it has the po- 
tential to be the next industrial revolution, leading to significant 
social and economic impact. Nanotechnology is already prevalent in 
our lives; it is in sunscreens, and cosmetics, batteries, stain-resist- 
ant clothing, eyeglasses, windshields, and sporting equipment. 

The development of nanomaterials that are stronger, lighter, and 
more durable may lead to better technology for items such as bul- 
letproof vests and fuel-efficient vehicles. Just recently, I learned of 
a new technology developed at Sandia National Laboratories and 
the University of New Mexico Cancer Center in which a hybrid 
particle, made up of a porous silicon nanoparticle core, contains 
small peptides that are targeted to proteins expressed specifically 
by cancer cells. It is an ideal vehicle to deliver the custom drug 
combinations needed for personalized medicine and may transform 
how we deliver antibiotics and antivirals. 

As a cardiothoracic surgeon and medical professional, I find this 
application of nanoscience to medicine not only fascinating but also 
having important implications for our Nation to keep medical costs 
down and subsequently may have some affect on national security 
and our economy. 

In 2013 the National Science Foundation nanotechnology invest- 
ment supported 5,000 active projects over 30 research centers and 
several infrastructure networks for device development, computa- 
tion, and education. It impacted over 10,000 students and teachers. 
Approximately 150 small businesses were funded to perform re- 
search and product development in nanotechnology through the 
Small Business Innovation Research and Small Business Tech- 
nology Transfer Programs. It is also my understanding that three 
new exciting directions are planned for 2015, including nanostruc- 
ture composite materials, nanoscale optics, and photonics. 

Unfortunately, despite these promising activities funded directly 
by the National Science Foundation, the President’s budget for key 
directorates that carry out nanotechnology research within the 
NSF’s Research and Related Activities Account is disappointing 
with a $1.5 million overall decrease. 

On the other hand, the Frontiers in Innovation Research and 
Science and Technology, or FIRST Act, of which I am an original 
cosponsor, passed our Subcommittee this past March with in- 
creases to several key directorates that fund nanotechnology basic 
science research. In addition to the NSF, the National Nanotech- 
nology Initiative, or NNI, is the U.S. Government’s effort to coordi- 
nate the nanotechnology research and development activities of the 
federal agencies. 
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While nanotechnology is not a new scientific field, it still remains 
an emerging, important, and relevant area. The House passed an 
NNI reauthorization bill in both 110th and 111th Congresses only 
to see it die in the Senate. 

This hearing today provides us with an opportunity to get feed- 
back on the future of NNI and have a serious discussion about the 
national priorities for this technology. The President’s proposed 
budget for NNI in Fiscal Year 2015 is $13.3 million less than Fiscal 
Year 2013 and is estimated to be less than it spent in Fiscal Year 
2014. These budget numbers are concerning, especially for an area 
of R&D that holds an important place in our Nation’s economy and 
national security. 

I look forward to hearing from the witnesses and to a productive 
and fruitful discussion on U.S. nanotechnology investments, prior- 
ities, and policies. Again, thank all of you for joining us today. 

[The prepared statement of Mr. Bucshon follows:] 

Prepared Statement of Subcommittee on Chairman Larry Bucshon 

I would like to welcome everyone to today’s Research and Technology Sub- 
committee hearing titled “Nanotechnology: From Laboratories to Commercial Prod- 
ucts.” 

Nanotechnology is an area of great promise h for the future of the U.S. economy, 
the leaps and bounds in the scientific knowledge base, and in terms of potential 
products and employment opportunities as the technology continues to mature. 
Many believe it has the potential to be the next industrial revolution, leading to sig- 
nificant social and economic impact. Nanotechnology is already prevalent in our 
lives; it is in sunscreens and cosmetics, batteries, stain-resistant clothing, eye- 
glasses, windshields, and sporting equipment. The development of nanomaterials 
that are stronger, lighter, and more durable may lead to better technology for items 
such as bulletproof vests and fuel efficient vehicles. This is especially important as 
gas prices continue to remain high. 

Just recently, I learned of a new technology (developed at Sandia National Lab- 
oratories and the University of New Mexico Cancer Center) in which a hybrid par- 
ticle, made up of a porous silica nanoparticle core, contains small peptides that are 
targeted to proteins expressed specifically by cancer cells. It is an ideal vehicle to 
deliver the custom drug combinations needed for personalized medicine, and will 
transform how we deliver antibiotics and antivirals. 

As a cardiothoracic surgeon and medical professional, I find this application of 
nanoscience to medicine not only fascinating but also having important implications 
for our Nation’s national security and economy, including ways to lower medical 
costs. 

In 2013, the National Science Foundation (NSF) nanotechnology investment sup- 
ported 5,000 active projects, over 30 research centers and several infrastructure net- 
works for device development, computation, and education. It impacted over 10,000 
students and teachers. Approximately 150 small businesses were funded to perform 
research and product development in nanotechnology through the Small Business 
Innovation Research (SBIR) and the Small Business Technology Transfer (STTR) 
Programs. It is also my understanding that three new exciting directions are 
planned for 2015, including nanostructured composite materials, nanoscale optics, 
and photonics. 

Unfortunately, despite these promising activities funded directly by the NSF, the 
President’s budget for key directorates that carry out nanotechnology research with- 
in NSF’s Research and Related Activities Account (RRA) is disappointing, with a 
$1.5 Million overall decrease. On the other hand, the Frontiers in Innovation, Re- 
search, Science and Technology (FIRST) Act, of which I am an original co-sponsor, 
passed our Subcommittee this past March with increases to several key directorates 
that fund nanotechnology basic science research. 

In addition to the NSF, the National Nanotechnology Initiative (NNI) is the U.S. 
government’s effort to coordinate the nanotechnology research and development ac- 
tivities of the federal agencies. While nanotechnology is not a new scientific field, 
it still remains an emerging, important and relevant area. The House passed an 
NNI reauthorization bill in both the 110th and 111th Congresses, only to see it die 



9 


in the Senate. This hearing today provides us with an opportunity to get feedback 
on the future of NNI and have a serious discussion about national priorities for this 
technology. 

The President’s proposed budget for NNI in fiscal year (FY) 2015 ($1,536.9M) is 
$13.3 Million less than FY2013 ($1,550.2), and is estimated to be less than what 
is spent for FY14 (1,537.5). These budget numbers are concerning, especially for an 
area of R&D that holds an important place in our nation’s economic and national 
security. 

I look forward to hearing today’s testimony and to a productive and fruitful dis- 
cussion on U.S. nanotechnology investments, priorities, and policies. Again, thank 
you all for joining us today. 

Chairman BUCSHON. I now recognize the Ranking Member, the 
gentleman from Illinois, Mr. Lipinski, for his opening statement. 

Mr. Lipinski. Thank you. Chairman Bucshon, and thank you for 
holding this hearing today on nanotechnology. 

It has been a little more than three years since this Committee 
last held a hearing on nanotech, so I am happy we are returning 
to one of my favorite topics. 

Federal investments in nanotechnology research have already led 
to job creation in my state and across the Nation, and I believe the 
potential for return on our relatively modest federal investment is 
many times what we have already witnessed. I am fond of saying 
I drank the nanotech Kool-Aid the first time I visited Chad 
Mirkin’s lab at Northwestern University. I am very happy that we 
have someone from Northwestern here today. 

I was amazed by what could be done at the scale of a single 
atom. In nanotechnology there is now a branch of engineering that 
simply did not exist 26 years ago when I was getting my degree 
in mechanical engineering at Northwestern also. By controlling in- 
dividual atoms, we can create new materials and products, and 
with that, companies and jobs. 

The Science Committee recognized the promise of nanotechnology 
early on-holding our first hearing close to 15 years ago to review 
federal activities in the field. The Committee was subsequently in- 
strumental in the development and enactment of the statute in 
2003 that authorized the interagency National Nanotechnology Ini- 
tiative, the NNI, as the Chairman spoke about. 

We have passed a widely supported bipartisan update to the NNI 
bill in the House three times since 2008. Unfortunately, all three 
times this bill has died in the Senate. I hope with the Chairman’s 
help we will have an opportunity to take up an NNI reauthoriza- 
tion bill once again in this Congress, and who knows, maybe the 
fourth time will be the charm. 

I don’t think the NNI requires major revisions. It seems to be 
working pretty well, but I do think there are opportunities to for- 
malize some of the recommendations we have received in the last 
few years from PCAST and the National Academies on how to 
strengthen the program even further without any additional cost. 
These opportunities include ways to strengthen technology transfer 
and streamline the reporting requirements for the program. I wel- 
come thoughts from our witnesses today on how we can continue 
to improve upon the existing program. 

Nanotechnology is a broad field encompassing much more than 
just material science or semiconductors. For instance, nanotech- 
nology is beginning to help us understand biology at the cellular 
level. We are now seeing applications that were not even imagined 
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13 years ago when NNI was first created. The range of potential 
applications is broad and will have enormous consequences for elec- 
tronics, energy transformation and storage, materials, and medi- 
cine and health, to name just a few. I am sure that we will hear 
about some of those applications from today’s witnesses, including 
Mr. Ivie from F Cubed. 

Part of our discussion on nanotechnology must include the bar- 
riers and opportunities surrounding nanomanufacturing. I know 
that Dr. Persons will talk about some of the challenges the United 
States is facing in this area today, including a need for more U.S. 
involvement in international standards setting, continued sus- 
tained investment in this area, and a national vision for U.S. nano- 
manufacturing capability. 

Finally, I think it is also important to talk about the environ- 
mental, health, and safety, or EHS research, that must be part of 
any comprehensive nanotechnology research strategy. I know that 
Professor Hersam was part of a report on nanotechnology research 
directions that included a review of recommendations for nano EHS 
research and hope we can spend some time during the Q&A on this 
important topic. 

Once again, I am happy we are having this hearing today. I look 
forward to all the witness testimony and the Q&A. Thank you all 
for being here and I yield back. 

[The prepared statement of Mr. Lipinski follows:] 

Prepahed Statement of Subcommittee Ranking Minority Member Dan Lipinski 

Thank you Chairman Bucshon for holding this hearing today on nanotechnology. 
It has heen a little more than three years since the committee last held a hearing 
on nanotechnology, so I am happy we are returning to one of my favorite topics. 
Federal investments in nanotechnology research have already led to job creation in 
my state and across the nation, and I believe the potential for return on our rel- 
atively modest federal investment is many times what we’vealready witnessed. 

I’m fond of saying that I “drank the nanotech kool-aid” the first time I visited 
Chad Mirkin’s lab at Northwestern. I was amazed by what he could do at the scale 
of a single atom. In nanotechnology there is now a branch of engineering that sim- 
ply did not exist 26 years ago when I was getting my degree in mechanical engineer- 
ing. By controlling individual atoms we can create new materials and products, and 
with that, companies and jobs. 

The Science Committee recognized the promise of nanotechnology early on, hold- 
ing our first hearing close to 15 years ago to review federal activities in the field. 
The Committee was subsequently instrumental in the development and enactment 
of a statute in 2003 that authorized the interagency National Nanotechnology Initia- 
tive — the NNI. 

We have passed a widely supported, bipartisan update to the NNI bill in the 
House three times since 2008. Unfortunately, all three times the bill died in the 
Senate. But I hope that with the Chairman’s help we will have an opportunity to 
take up an NNI Reauthorization bill once again in this Congress. Who knows, 
maybe the 4th time will be the charm? 

I don’t think the NNI requires major revisions. It seems to be working pretty well. 
But I do think there are opportunities to formalize some of the recommendations 
we have received in the last few years from PCAST and the National Academies 
on how to strengthen the program even further, without any additional costs. These 
opportunities include ways to strengthen technology transfer and streamline the re- 
porting requirements for the program. I welcome thoughts from our witnesses today 
on how we can continue to improve upon the existing program. 

Nanotechnology is a broad field encompassing much more than just materials 
science or semiconductors. For instance, nanotechnology is beginning to help us un- 
derstand biology at the cellular level. We are now seeing applications that were not 
even imagined 13 years ago when the National Nanotechnology Initiative was first 
created. The range of potential applications is broad and will have enormous con- 



11 


sequences for electronics, energy transformation and storage, materials, and medi- 
cine and health, to name just a few examples. I am sure that we will hear about 
some of those applications from today’s witnesses including Mr. Ivie from F Cubed. 

Part of our discussion of nanotechnology must include the barriers and opportuni- 
ties surrounding nanomanufacturing. I know that Dr. Persons will talk about some 
of the challenges that the United States is facing in this area today including a need 
for more U.S. involvement in international standard setting, continued sustained in- 
vestment in this area, and a national vision for a U.S. nanomanufacturing capa- 
bility. 

Finally, I think it is also important to talk about the environmental, health, and 
safety — or EHS — research that must be part of any comprehensive nanotechnology 
research strategy. I know that Professor Hersam was part of a report on nanotech- 
nology research directions that included a review and recommendations for nano- 
EHS research and hope we can spend some time during the Q&A on this important 
topic. 

Once again, I am very happy we are having this hearing today. I look forward 
to all of the witness testimony and the Q&A, and I thank you all for being here 
today. I yield back the balance of my time. 

Chairman BUCSHON. Thank you, Mr. Lipinski. I now recognize 
the Ranking Member of the full Committee, Ms. Johnson, for her 
opening statement. 

Ms. Johnson. Thank you very much, Mr. Chairman, and good 
morning. 

This morning, we are discussing nanotechnology. As a long-time 
member of the Committee, I am proud that the Committee recog- 
nized a need for an increased level of investment and better inter- 
agency coordination in this area almost 15 years ago. That recogni- 
tion led to the creation of the National Nanotechnolo^ Initiative, 
or the NNI as it is called, which has invested nearly $20 billion in 
nanotechnology research and development since 2001. 

The investment in NNI is one of the reasons that the United 
States is a global leader in nanotechnology research and develop- 
ment. Unfortunately, like too many other research areas, our lead- 
ership position is now being challenged. In a 2014 report on nano- 
manufacturing, which I am sure Dr. Persons will discuss this 
morning, the GAO reported that the United States is facing chal- 
lenges to maintaining its leadership position in nanotechnology and 
nanomanufacturing. Several of our global competitors like the Eu- 
ropean Union and Japan are making significant and sustained in- 
vestments in nanotechnology while we are busy debating on how 
much to cut our research agencies. If we are going to maintain 
competitiveness, then the United States needs to make strong and 
sustained investment in nanotechnology and enact federal policies 
that help technology and manufacturing development and play a 
central role in international standards development. 

While we need to strengthen our leadership position in nanotech- 
nology, we should also recognize that there are opportunities to 
work with our global partners. One area for collaboration is the 
area of environmental, health, and safety research, or EHS re- 
search. Unlike the nanomanufacturing research, there is no obvi- 
ous competitive advantage in EHS research. Instead, all global 
nanotechnology partners benefit from a greater understanding of 
potential environmental, health, and safety aspects of nanotech- 
nology. 

As a former nurse, I recognize the need to understand and miti- 
gate the potential risks to new technologies, including nanotech- 
nology. Without a strong EHS research program on nanotech- 
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nology, we would be left with the uncertainties of surrounding po- 
tential risks for people and environments that are exposed to nano- 
materials and nano-enabled products. 

In addition to concerns about public health and safety, I am wor- 
ried that these uncertainties could also lead to unsubstantiated 
negative public perceptions about nanotechnology, which could 
have serious consequences for its acceptance and use. The NNI has 
always included activities for increasing understanding of the envi- 
ronmental and safety aspects of nanotechnology, but I believe that 
EHS research did not receive sufficient attention to funding for 
many years and I applaud the current Administration’s increased 
emphasis on EHS. But I remain concerned about our new slow 
progress in this area of research. 

We need a strong nano EHS research program to protect the 
public and to ensure that any nanotechnology regulations will be 
grounded in science, not perception. I hope to hear from our wit- 
nesses today about their thoughts on this issue. 

And in closing, I am hopeful that we can work together to ensure 
that the United States remains the leader in nanotechnology and 
nanomanufacturing while working with our global partners. 

I want to thank the witnesses for being here and I want to thank 
you, Mr. Chairman. And I yield back the balance of my time. 

[The prepared statement of Ms. Johnson follows:] 

Prepared Statement of Full Committeee 
Ranking Member Eddie Bernice Johnson 

Thank you, Mr. Chairman. This morning we are discussing nanotechnology. As 
a long-time Member of this Committee, I am proud that the Committee recognized 
the need for an increased level of investment and better interagency coordination 
in this area almost 15 years ago. 

That recognition led to the creation of the National Nanotechnology Initiative, or 
the NNI as it is called, which has invested nearly $20 billion in nanotechnology re- 
search and development since 2001. 

The investment in the NNI is one of the reasons that the United States is the 
global leader in nanotechnology research and development. Unfortunately, like too 
many other research areas, our leadership position is now being challenged. 

In a 2014 report on Nanomanufacturing, which I am sure Dr. Persons will discuss 
this morning, the GAO reported that the United States is facing challenges to main- 
taining its leadership position in nanotechnology and nanomanufacturing. Several 
of our global competitors like the European Union and Japan are making significant 
and sustained investments in nanotechnology while we are busy debating how much 
to cut our research agencies. 

If we are going to remain competitive, then the U.S. needs to make strong and 
sustained investments in nanotechnology; enact federal policies that help technology 
and manufacturing development; and play a central role in international standards 
development. 

While we need to strengthen our leadership position in nanotechnology, we should 
also recognize that there are opportunities to work with our global partners. One 
area for collaboration is in the area of environmental, health and safety research 
or EHS research. 

Unlike with nanomanufacturing research, there is no obvious competitive advan- 
tage in EHS research. Instead, all global nanotechnology partners benefit from a 
greater understanding of potential environmental, health, and safety aspects of 
nanotechnology. 

As a former nurse, I recognize the need to understand and mitigate the potential 
risks to new technologies including nanotechnology. Without a strong EHS research 
program on nanotechnology, we will be left with uncertainties surrounding potential 
risks for people and environments that are exposed to nanomaterials and nano-en- 
abled products. In addition to concerns about public health and safety, I am worried 
that these uncertainties could also lead to unsubstantiated negative public percep- 
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tions about nanotechnology, which could have serious consequences for its accept- 
ance and use. 

The NNI has always included activities for increasing understanding of the envi- 
ronmental and safety aspects of nanotechnology. But I believe that EHS research 
did not receive sufficient attention or funding for many years. 

I applaud the current Administration’s increased emphasis on EHS, but I remain 
concerned about our slow progress in this area of research. We need a strong nano- 
EHS research program to protect the public and to ensure that any nanotechnology 
regulations will be grounded in science not perception. I hope to hear from our wit- 
nesses today about their thoughts on this issue. 

In closing, I am hopeful that we can work together to ensure that the United 
States remains the leader in nanotechnology and nanomanufacturing while working 
with our global partners. 

I want to thank the witnesses for being here today. Thank you, Mr. Chairman 
and I yield back the balance of my time. 

Chairman BUCSHON. Thank you, Ms. Johnson. 

If there are Members who wish to submit additional opening 
statements, your statements will be added to the record at this 
point. 

At this time, I would like to introduce our witnesses, a very dis- 
tinguished panel. Our first witness today is Dr. Timothy Persons, 
Chief Scientist of the United States Government Accountability Of- 
fice. He is also the Co-Director of the GAO Center for Science, 
Technology, and Engineering, a group of highly specialized sci- 
entists, engineers, mathematicians, and information technologists. 
He works with the GAO’s chief technologist to lead the production 
of technology assessments for the U.S. Congress. 

Prior to joining the GAO, Dr. Persons has held key leadership 
roles in the national security community. In 2007 Dr. Persons was 
awarded a Director of National Intelligence Science and Technology 
Fellowship focusing on computational imaging systems research. 
He received his bachelor’s in physics from James Madison, a mas- 
ter’s in nuclear physics from Emory University, and a master’s in 
computer science and a Ph.D. in biomedical engineering from Wake 
Forest. 

Our second witness is Dr. Lloyd Whitman, Interim Director of 
the National Nanotechnology Coordination Office and Deputy Di- 
rector of the Center for Nanoscale Science and Technology at the 
National Institute of Standards and Technology. 

Dr. Whitman received a bachelor’s in physics from Brown and a 
master’s and Ph.D. in physics from Cornell. After a National Re- 
search Council post-doctorate research fellowship at NIST, Dr. 
Whitman joined the research staff at the National Research Lab- 
oratory. At NRL, Lloyd was the head of the Surface Nanoscience 
and Sensor Technology Section. In addition to leading research at 
NRL, Dr. Whitman served as a Science Advisor to the Special As- 
sistant to the Secretary of Defense for Chemical and Biological De- 
fense and Chemical Demilitarization Programs. 

Our next witness is Dr. Keith Stevenson, Professor in the De- 
partment of Chemistry & Biochemistry at the University Of Texas 
at Austin. Dr. Stevenson is a well-established electrochemist, mate- 
rials chemist, and nanoscientist with over 145 referred publica- 
tions, six patents, and five book chapters. He is the Director of the 
38 million Center for Nano- and Molecular Science and Technology. 
He is also acting Thrust Leader on an 11.2 million DOE Energy 
Frontiers Research Center at UT Austin. 
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In addition to being the State Director of the Welch Foundation 
Summer Scholars Program, he is one of the founding faculty mem- 
bers of a program now known as the Freshman Research Initiative 
at UT Austin. 

At this point I now recognize the Ranking Member Mr. Lipinski 
to introduce our next witness. 

Mr. Lipinski. Thank you. 

As a Northwestern alum, I am very excited to have a Professor 
from Northwestern University here this morning even though he 
has his Ph.D. from the University of Illinois. 

Dr. Hersam is a Professor — ^Yes, that is the Chairman’s school. 

Dr. Hersam is a Professor of Material Science and Engineering 
Department, as well as being Director of the Materials Research 
Center. His interdisciplinary research group focuses on analyzing 
and manipulating nanomaterials at the atomic and molecular scale. 
Professor Hersam is a nationally recognized leader in research in 
nanotechnology, a member of several scientific societies, and win- 
ner of numerous teaching and research awards. 

In addition to his work at Northwestern, Dr. Hersam founded a 
company Nanointegris that is a leading supplier of high purity 
semiconducting and metallic inks. 

It is my pleasure to welcome Dr. Hersam to our Committee 
today. 

Chairman BucsHON. And our final witness is Mr. Les Ivie, Presi- 
dent and CEO of F Cubed, LLC. Mr. Ivie was also Founder and 
Chief Operating Officer of Gas Clip Technology, Inc. Prior to found- 
ing F Cubed, he was Chief Technology Officer at Honeywell Inter- 
national. 

Mr. Ivie was Senior Vice President and Chief Operating Officer 
of Zellweger Luwa AG in Switzerland. He was a Founder, Board 
Member, and later Chairman of the Board of Textillio AG, an 
Internet company based in Zurich, Switzerland. Mr. Ivie held a va- 
riety of positions at United Technologies Corporation. 

Mr. Ivie graduated from Portland State University with a bach- 
elor of science and mathematics and a bachelor of science and eco- 
nomics from the University of Denver with a master’s of business 
administration. 

I would like to thank all of our witnesses for being here. It is 
going to be an interesting hearing. 

As our witnesses should know, spoken testimony is limited to 
five minutes each after which Members of the Committee have five 
minutes each to ask questions. Your written testimony will be in- 
cluded in the record of the hearing. 

At this point I now recognize Dr. Persons for five minutes to 
present his testimony. 

TESTIMONY OF DR. TIMOTHY PERSONS, CHIEF SCIENTIST, 

UNITED STATES GOVERNMENT ACCOUNTABILITY OFFICE 

Dr. Persons. Chairman Bucshon, Ranking Member Lipinski, 
Ranking Member Johnson, and Members of the Committee, good 
morning. 

I am pleased to be here to discuss the ongoing transition of nano- 
technology from the laboratory into commercial products, or also 
known as nanomanufacturing. 
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As a reminder, nanotechnology is defined as the control or re- 
structuring of matter at the atomic or molecular scale, about — a 
range of about 1 to 100 nanometers, the latter being about 1/1000 
the thickness of a human hair. 

Last year, the Controller General of the United States convened 
a strategic forum on this topic, which brought together experts 
from a wide range of relevant backgrounds to discuss the status 
and implications of this issue. We recently issued a report on the 
forum, a portion of which I am covering in today’s remarks. 

Specifically, my testimony will highlight how the United States 
compares with other countries in nanotechnology R&D and com- 
petitiveness, identify some key challenges to innovation, briefly 
present some key policy issues, and discuss two examples of public- 
private partnerships designed to promote U.S. innovation in nano- 
manufacturing. 

And I ask that Figure 1 be brought up on the screen. 

[Slide] 

Dr. Persons. This slide illustrates several examples of some 
nanoscale science discoveries in transition from the lab into real- 
world nanotechnology-enabled products. Moving from left to right, 
the first column of the figure contains examples of nanoscale com- 
ponents discovered by the basic science community. The second col- 
umn contains new or enhanced prototypes enabled by the nano 
components, and the third column then shows new or improved 
products of the commercial sector which may require manufac- 
turing at large-scale, that is either size and number. 

As a quick example, following the top row of the chart, research 
on nanoscale transistors enables more powerful and sophisticated 
semiconductor chips, which then result in lighter, faster, and more 
powerful computers and smartphones like what used to be a super- 
computer I hold essentially in the palm of my hand because of 
nanotechnology. The experts at our forum told us that the United 
States likely leads in nanotechnology R&D today but the United 
States faces global-scale competition. In terms of R&D funding lev- 
els, the United States is still considered the overall leader, yet is 
possibly lagging in public sector support in comparison to some 
other major nations. For scientific publications, the United States 
is considered the leader in quality, yet it terms of quantity has al- 
ready been surpassed by China. 

Turning to U.S. competitiveness in nanomanufacturing itself, the 
four industry sectors we studied indicate that the United States re- 
mains the leader in some areas, namely nanomedicine and semi- 
conductor design. On the other hand, experts said the United 
States has been challenged in semiconductor manufacturing, the 
development of nano-enabled concrete materials, as well as lith- 
ium-ion batteries for electric vehicles, even though a recent an- 
nouncement by a major American manufacturer of electric vehicles 
to build a large battery production plant could reverse this latter 
assessment. 

Our forum participants identified several challenges, including 
significant global competition, the unintended consequences of prior 
off-shoring of manufacturing, direct foreign threats to U.S. intellec- 
tual property, and the fact that the United States currently lacks 
a holistic strategy for nanomanufacturing. 
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Moreover, another major challenge is a key funding gap called 
the “missing middle,” which I hold up in Figure 2, which occurs be- 
tween the proof-of-concept and production environment demonstra- 
tion phases of the manufacturing innovation process. This chal- 
lenge was a particular concern to our experts in terms of the bar- 
rier it represents to small and medium-sized U.S. enterprises 
where a good deal of innovation occurs. 

In terms of policy issues, forum participants said the United 
States could improve its competitive posture by pursuing one or 
more of the following three approaches: first, strengthen innovation 
across the U.S. economy by continuing and/or updating policies and 
programs which support innovation in general; second, promote in- 
novation in U.S. manufacturing possibly in the form of public-pri- 
vate partnerships; third, design a holistic strategy for U.S. nano- 
manufacturing led and facilitated but not overly driven by the fed- 
eral government. 

Insufficient efforts by the United States to participate in inter- 
national development of basic nanotechnology standards and the 
need for a revitalized integrative and collaborative approach to en- 
vironment, health, and safety issues were other policy consider- 
ations our participants identified. Two examples of public-private 
partnerships designed to address the “missing middle” were identi- 
fied in our study. The first is the Center for Nanomanufacturing 
Systems for Mobile Computing and Mobile Energy Technologies, or 
NASCENT, a manufacturing innovation ecosystem founded at the 
University of Texas at Austin in 2012. NASCENT is designed to 
partner with industry and create processes and tools for manufac- 
turing nano-enabled components in the mobile and energy sectors, 
among others. 

The second is the College of Nanoscale Science and Engineering, 
or CNSE, in Albany, New York, established in 2004. CNSE is a 
precompetitive R&D prototyping and educational public-private 
partnership for advancing nanotechnology for the semiconductor in- 
dustry. Equipped with state-of-the-art tools and partnered with a 
global consortium of the major computer chip manufacture, CNSE’s 
collaborative work allows for the development of chips just short of 
mass production. 

In conclusion, based on the views of a wide range of experts, 
nanoscale control and fabrication are creating important new op- 
portunities and challenges for our Nation. As such, our experts see 
potential benefit in pursuing forward-looking strategies designed to 
help the global economic position of the United States as it moves 
further into the 21st century. 

Chairman Bucshon, Ranking Member Lipinski, and Members of 
the Committee — Ranking Member Johnson, excuse me — this con- 
cludes my statement. I am happy to answer any questions you may 
have. 

[The prepared statement of Dr. Persons follows:] 
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Chairman Bucshon, Ranking Member Lipinski, and Members of the 
Subcommittee: 

Thank you for the opportunity to be here today to discuss 
nanomanufacturing and U.S. competitiveness.^ including opportunities, 
challenges, and related issues. As you know, in July of 2013, at the 
request of Committee Chairman Lamar Smith and former Committee 
Chairman Ralph Hall, the Comptroller General of the United States 
convened a strategic forum on nanomanufacturing. The forum brought 
together experts from a wide range of relevant backgrounds^ to discuss 
the status, issues, and implications of nanotechnology’s ongoing 
movement from the laboratory to commercial markets, mass 
manufacturing, and the global marketplace.^ In January 2014, we issued 
a synthesis report from this initiative, which includes key messages 
stemming from forum discussions as well as four nanomanufacturing 
industry profiles.'* 

Based on vievrs expressed by forum participants as well as a broader 
array of expert interviews, my testimony today will first, present a brief 
background on nanomanufacturing and discuss how the United States 
compares with other countries in research and development (R&D) and 
competitiveness in nanomanufacturing: second, identify the key 
challenges facing the United States in nanomanufacturing and discuss 
their significance; third, identify some key policy issues concerning 
nanomanufacturing; and fourth, discuss a few examples of public-private 
partnerships and how they are designed to promote U.S. innovation in 


^For purposes of this testimony, we define nationai competitiveness as the productivity 
with which a nation utilizes its set of institutions, polides, and human capital and natural 
endowments to produce goods and services, for the prosperity of its people. See also 
Council on Competitiveness (2007). 

^Addendum I lists forum participants, whom we selected with the asdstance of the 
National Academies. 

^Nanotechnology has been defined as the control or restructuring of matter at the atomic 
and molecular levels in the size range of about 1-100 nanometers (nm); 1(X) nm is about 
1/1000*’ the width of a hair. 

*See GAO M14; that report also lists experts we consulted additional to foaim 
participants {^^p. Ill) and provides detailed information on our Scope and Methodology 
(App. V). 
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nanomanufacturing. We conducted our work in accordance with GAO’s 
quality assurance framework.® 


Background and 
Discussion of How 
the United States 
Compares with Other 
Countries 


According to forum participants, nanomanufacturing is an emerging 
megatrend that will bring diverse societal benefits and new 
opportunities — potentially creating jobs through disruptive innovation.® 
Further, nanomanufacturing has characteristics of a generai purpose 
technoiogy (GPT) — such as eiectricity or computers, or historically, 
innovations such as the smelting of ore and the internal combustion 
engine.^ As one participant said: “Everything vwll become nano.” 


Figure 1, below, provides examples of nanomanufacturing products that 
illustrate four diverse areas being affected by nanomanufacturing. 
Different manufacturing activities occur at different stages of the value 
chain.® 


^Notably, we recognize that many forum participants are acfive in nanotechnology 
research or manufecturing — and thus couid benefit from increased government funding or 
other supportive efforts; therefore, we developed the forum with an emphasis on achieving 
a balance of viev^, to the extent possible. 

®‘Disnjptive innovation’ refers to a new technology that creates a new market (and a new 
value chain or “value network") and that ultimately, and often une>q3ected!y, overtakes an 
existing technology. See Christensen and Raynor (2003). For example, innovations sudi 
as the Ford Model T production line have been described as creating new markets, 
displacing earlier technologies, and in some cases, creating jobs. 

^Addendum 11 lists historical examples of GPTs, 

®We drew these examples from four of the nine areas listed by the National 
Nanomanufecturing Network (NNN). Other areas listed by NNN (which the four examples 
in fig. 1 may overlap in some cases) include (1) information technology and 
telecommur^tions; (2) aerospace and automotive; (3) forest and paper products; (4) 
environment, infrastructure, and national security; and (5) clothing, textiles, and persona! 
care. 
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Figure 1: Diverse Vaiue Chains Involving Nanoscale Materials, Components, or 
Devices, as of 2013 — Looking Forward 



SourM: ronim prM«!Ttation (P*nona 2013). 


Note: We defined a value chan, for purposes of reporting on the forum, as a series of key step® 
starting with the processing of raw materials and continuing to the production of a finished consumer 
product; each step adds value— and may or may not involve a different company or intermediate 
product. The figure uses three main stages, drawn from a amceptualization by Lux Research (see 
Bradley 2010 and Holman 2007), to summarize four examples of nanotechnology value diains. 

•With respect to "ever faster computers,” digital develoiMnent has generally followed 'Woore’s lav/ 
(briefly, a douWing of processing power every 18 months) in part by utilizirig diips wifti nano-features; 
however, further advances and more innovations in nanotechnology— such as use of a nm 

generation of nanonaterials in cor^unction with 3D chip architecture and optical interconnects— or 
other novel approaches may be n^ded for continuous improvement in future decades. 

^Copper nano-wires represent one example of how nanotechnology might be used to enhance 
lithium-ion (Li-ion) batteries for vehicles. 


Comparison for 
Nanotechnology R&D 
Two Indicators 


With respect to R&D funding, there is some uncertainty about 
international comparisons because relevant definitions may vary across 
nations— and some countries may not adequately or effectively track R&D 
investments or not share such information externally, However, forum 
participants viewed the United States as currently appearing to lead in 
terms of overall (that is. combined public and private) funding of 
nanotechnology R&D. VWien public funding alone was considered, a 


According to experts, the United States likely leads in nanotechnology 
R&D today but faces global-scale competition — which one forum 
participant described as a “moon race.” Two indicators of how the U.S. 
compares with other countries are R&D funding levels and scientific 
publications. 
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participant in the July 2013 forum presented projections showing the 
United States as likely being surpassed by some other nations. 

With respect to scientific publications, the United States appears to 
dominate in numbers of nanotechnology publications in three highly cited 
journals® — which is an apparent indication of U.S. competitiveness In 
quality research. However, China overtook the United States in 2010 
through 2012 {the most recent year reported) in terms of the quantity of 
nano-science articles published annually. 


Comparison for Turning to U.S. competitiveness in nanomanufacturing itself, profiles of 

Nanomanufacturing: tour nano-industry areas, developed for the forum, and related forum 

Four Industry Areas discussions indicate the following: 

• Nanotherapeutics: According to experts, one of the most promising 
medical applications for nanotechnology is nanotherapeutics, the 
delivery of medicine using nanoparticles (particles having one or more 
dimensions on the order of 1 00 nanometers — 100 billionth of a 
meter — or less). The potential of nanotherapeutics is the ability to 
target the delivery of drugs to specific cells — e.g., cancer cells — 
thereby reducing negative side effects. As one expert said, 
nanotherapeutics have "the potential to address problems in drug 
delivery for cancer and other diseases that cannot be solved using 
contemporary technologies." Experts viewed the United States as 
currently leading in the commercialization and manufacturing of 
nanotherapeutics. However, experts also cautioned that: (1) other 
regions or countries (for example, Europe and South Korea) are 
investing in nanotherapeutics— by, for example, supporting public- 
private partnerships; (2) in the United States, many efforts to 
commercialize nanotherapeufics are being carried out by small 
companies, which typically cannot sustain the costs of clinical trials 
and regulatory review; and (3) private U.S. investors may be reluctant 
to invest in new drugs because of uncertainty about approval by the 
U.S. Food and Drug Administration (FDA). 

• Energy storage: By contrast, experts said the United States is 
struggling in the area of lithium-ion batteries for hybrids, plug-in 
hybrids, and fully electric vehicles (EV). Battery-powered vehicles now 


®ThiS is based on an analysis by Roco (201 3) of three journals: Science, Nature, and 
Proceedings of the Nationel Academy of Sciences. Note that another forum participant 
cautioned that these journals mi^t have favored U.S. authors. 
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represent about 3 to 4 percent of the U.S. and worldwide auto 
markets. Factors limiting demand for these vehicles include (1) the 
cost of an advanced battery, which increases the price of a battery- 
powered vehicle above that of a comparable all-gasoline car, and (2) 
the long battery-recharging times required by plug-in hybrids and EVs, 
and the EVs’ limited driving ranges. Potentially, nano-improved 
batteries will cost less than those currently available, have decreased 
recharge times, and provide the power to lengthen driving ranges. 
Although U.S. research developed the underlying technology, almost 
all lithium-ion batteries are currently manufactured in Asia. According 
to varied forum participants: (1) the manufacture of smaller lithium-ion 
batteries for consumer electronics has long been centered in Asia 
because, as one participant put it, the United States “gave up on (that 
industry] some time ago;” (2) Asian firms appear to have a competitive 
advantage in the manufacturing process, which is similar for small 
lithium-ion batteries and the larger ones manufactured for vehicles; 
and (3) some U.S. researchers now look to Asia for opportunities to 
pursue innovation in lithium-ion batteries. While some experts felt that 
“the jury is still out" on future U.S. success in this area — or that new 
versions of lithium-ion batteries requiring different manufacturing 
processes would present new opportunities — others were less 
positive,'” 

• Semiconductors; The diffusion of semiconductor" chips with 
nanoscale features is pervasive in this $300-billion industry, and the 
technology continues to evolve. For example, production of a number 
of the components in semiconductors currently takes place at the 
nanoscale — that is, at scales of less than 100 nanometers (nm). In 
2012, semiconductors with features spaced 22 nm apart and with 
layers just a few nanometers in thickness entered high-volume 
production. As previously noted, further advances and more 
innovations in nanotechnology— such as the use of a new generation 
of nanomaterials in conjunction with 3D chip architecture and optical 
interconnects— or other novel approaches may be needed tor 
continuous improvement in future decades. Experts told us that the 
United States is dominant in the design of new advances in 


'"However, according to recent news reports, Testa Motors inc. — an American 
manufacturer of all electric vehicles — has announced plans to construct a new plant to 
manufacture batteries in the United States for its vehicles. 

"a semiconductor is the generic term for the various devices and integrated circuits that 
regulate and provide a path for electrical signals. As such, semtrxrnductors are the 
foundation of the electronics industry. 
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semiconductors. However, they also said that U.S. manufacturing in 
this area has declined (although some plants are located here) and 
that the United States does not have a strategy to assure U.S. 
leadership in the semiconductor industry. 

* Nano-based concrete: Concrete is the most heavily used 

construction material in the world— with about 5-billion cubic yards 
annually produced worldwide — and demand for it is expected to 
increase to meet the infrastructure needs of a growing global 
population. Nanomaterials can enhance the performance of the 
concrete used to construct this infrastructure. These materials might 
potentially result in roads, bridges, buildings, and structures that are 
more easily built, longer-lasting, and better-functioning than those that 
currently exist. Experts offered differing views on U.S. global 
competitiveness In the commercialization and use of nanomaterials in 
concrete. A key forum participant said that while cement for domestic 
use is produced in the United States, today’s dominant companies — 
which are spearheading development of new technologies — are 
headquartered elsewhere (although this industry was previously 
dominated by the United States). Additionally, some experts said that 
other countries are spending more resources than the United States 
to promote commercialization; for example, one expert said that China 
established a national technology center to improve its 
competitiveness and domestic production of high-value, nano-based 
construction products. On the positive side, chemical admixtures are 
one means to introduce nano-materials into concrete — and the United 
States has a 15% market share of chemical sales, worldwide. 


Key Challenges 
Facing U.S. 
Nanomanufacturing 


According to forum participants and experts interviewed, challenges to 
U.S. competitiveness in nanomanufacturing include U.S. funding gaps, 
significant global competition, and lack of a U.S. vision for 
nanomanufacturing, among others. 


U.S. Funding Gaps and Participants said that in the United States, government often funds 

Possibly a Diversion of research or the initial stages of development, whereas industry typically 

Venture Capital invests in the final stages. As a result, U.S. innovators may find it difficult 

^ to obtain either public funding or private investment during the middle 

stages of innovation. For nano-innovators, this support gap can 
characterize the middle stages of both (1) efforts to develop a new 
technology or product, and/or (2) efforts to develop a new manufacturing 
process. Thus, U.S. innovators may encounter two support gaps, which 
participants termed: 
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• the Valley of Death (the lack of funding or investment for the middle 
stages of developing a technology or product), and 

• the Missing Middle (a similar lack of adequate support for the middle 
stages of developing a process or an approach to manufacture the 
new product at scale). 

The Valley of Death begins after a new technology or product has been 
validated in a laboratory environment and continues through testing and 
demonstration as a prototype in a non-laboratory environment (but before 
industry acquires it as a commercial technology or product). The Missing 
Middie occurs during analogous stages of the manufacturing-innovation 
process, as illustrated below (fig. 2). Participants further said that 
substantial amounts of funding/investment are needed to bridge the 
Vaiiey of Death and the Missing Middie — and that high costs can be a 
barrier to commercialization, especially for small and medium-sized U.S. 
enterprises. 


Figure 2: Missing Middle: Funding/Investment Gap In the U.S. Manufacturing-lnnovation Process 


Funding/ 

Investment 

High 


Low 


Private 

sector 


Government and 

GAP 


universities 

-< 




r 





Manufacturing-innovation process 



Pmofof 

eoneept 


Pmduotion . Capacity. to. 

iri:- pnodace , . . 

labomtoiy. prototype 



Source: GAO, adapted from Executive Office of the President (2012, 21). 


Additionally, some said that recently, venture capital (VC) funding has 
been diverted from physical science areas like nanotechnology to fund 
new ventures in internet services that may provide larger and faster 
returns on investment. 
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Significant Global 
Competition 


Lack of a U.S. Vision for 
Nanomanufacturing 


Varied forum participants and experts interviewed made statements to the 
effect that other nations do more than the United States in terms of 
government investment in technology beyond the research stage. 
According to participants, the funding and investment gaps that hamper 
U.S. nano-innovation (such as the Missing Middie) do not apply to the 
same extent in some other countries — ^for example, China and Russia — or 
are being addressed. Multiple participants referred to the European 
Commission’s upcoming Horizon 2020 program, specifically mentioning a 
key program within Horizon 2020: the European Institute of Innovation 
and Technology or EIT, which emphasizes the nexus of business, 
research, and higher education. The 2014-2020 budget for the EIT 
portion of this European Commission Initiative is €2.7 billion (or close to 
$3.7 billion in U.S. dollars as of January 2014). 


Multiple forum participants said that the United States lacks a vision or 
strategy for a nanomanufacturing capability.'^ However, one explained 
that such a strategy could be designed by (1) proceeding from a vision or 
goal to the examination of the social, technological, economic, 
environmental, and political elements of the relevant systems and their 
interactions with one another: (2) understanding the basic science, 
engineering, and manufacturing involved; and (3) consulting the full range 
of stakeholders. This participant said that although systems thinking and 
the design of a grand strategy, based on a vision, are often employed 
following a crisis that motivates a nation, such an effort could be usefully 
pursued in advance of a crisis, using foresight. Such an effort would 
reflect the statements of another participant who said, in effect, that the 
future of nanomanufacturing for the United States is limited only by our 
ability to envision what we want to see realized. This approach would 
likely draw upon the U.S. federal government to develop and articulate 
the strategy— in coordination with industry, academia, nonprofits, and 
state and local governments. Additionally, some federal effort is implied 
for implementation, but the level of funding and the mix of funding 


'^Our post-forum communicalion with an officia! at the National Science Foundation 
indicated that although NSF currently funds some centers that focus on new concepts and 
the development of methods for nanomanufacturing, there is. at this time, no program 
devoted to suprrorting nanomanufacturing centers such as these. 
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sources {not specifically discussed at the forum) would likely be specified 
as part of developing a vision and strategy for nanomanufacturing.'® 


Other Competitiveness Forum participants described further challenges to U.S. competitiveness 
Challenges i" nanomanufacturing, including 

• the earlier loss of an industry, as discussed above for lithium-ion 
batteries — or even extensive prior offshoring in some industries, which 
can be important, in part because, as one participant said: "when we 
design here [and] ship [manufacturing] abroad, we lose this shop- 
floor-innovation kind of mentality” and 

• threats to U.S. intellectual property on the part of some other 
countries or entities within those countries— which occur with respect 
to both university research and private R&D on, for example, 
manufacturing processes. 


Some Key Policy 
Issues Concerning 
Nanomanufacturing 


Forum participants suggested the need to address policy issues in U.S. 
research funding, challenges to U.S. competitiveness in 
nanomanufacturing, and other areas, including environmental, health, and 
safety (EHS) issues. 

U.S. research funding. Forum participants said it is essential for the 
United States to maintain a high level of Investment in fundamental 
nanotechnology research. This is because (1) some other countries are 
now making significant investments in R&D and (2) ongoing research 
breakthroughs will drive the future of nanomanufacturing. One participant 
emphasized that as nanotechnology increasingly moves into 
manufacturing, it may be important to consider not only continuing 
funding for fundamental nanotechnology research, but also targeting 
some funding to eariy stage research on nanomanufacturing processes. 

Challenges to U.S. competitiveness in nanomanufacturino. Forum 
participants said the United States could improve U.S. competitiveness in 
nanomanufacturing by pursuing one or more of three approaches, which 


'®This approach (developing a vision and strategy for U.S. nanomanufacturing) is bnefiy 
revisited later in this testimony. 
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might be viewed either as alternatives or as complementary 
approaches.'*^ These three approaches are described in table 1 , below. 

Table t : Three Approaches to Enhancing U.S. Competitiveness in Nanomanufacturing— T^roposed Actions and Rationale 

Approach 

Proposed actions 

Rationale 

1 , strengthen innovation 
across the U.S. economy 

Continue or update pcrfides and programs that TTie U.S. government often acts to supply goods 
help strengthen innovaticms g^ierally— fw and services critical to innovation v\^en private 

example, education and infrasftucture. markets fail to do so; beyond these measures, firms 

are better able to decide how to allocate resources. 

2. promote innovation in U.S. 
manufacturing 

Establish U.S. centers, encourage clusters, or 
design programs to address the Valley of 
Death or the Missing Middle (gaps in U.S. 
funding or investment).® 

A Strong manufacturing base is essential to the 
economy and to innovation itself. Addressing the 
Valley of Death and the Missing Middle will level 
the playing field’ and avoid otiier adverse effects. 

3. design a grand strategy for 
U.S. nanomanufacturing 

Define a vision for U.S. manufacturing. Design 
a grand strategy for achieving this vision — an 
effort that might be led by the federal 
government- 

Nanomanufacturing may be a future general 
purpose technology (GPT) and thus is potentially 
classifiable as a public good wiUi anticipated 
benefits for the entire societyHustifying targeted 
federal support. It may also create jobs. 


$0(^: OAO analysis of forum Information. 


‘Two public-private partnerships that focus specifically on nanomanufacturing are the NASCENT 
Center at the University of Texas at Austin and the College of Nanoscaie Science and Engineering 
(CNSE) at New York State University, which are discuss^ later in tills testimony. 

Other policy areas identified . Forum participants also identified 

• the need to remedy the currently insufficient effort by the United 
States to participate in the international development of basic 
nanotechnology standards; 

• concerns about the reliability of international investment information — 
and a possible pathway forward: convening international conferences 
on public investment and other related data; and 

• the need for a revitalized, integrative, and collaborative approach to 
environmental, health, and safety (EHS) issues. 

With respect to the third point, above, forum participants said that 
significant research is needed to discern or anticipate EHS Implications of 
manufacturing with nanomateriais and using nanotechnologies. 
Participants noted the presence of significant funding — both 
governmental and private — for nanotechnology research, but one 
participant suggested that relatively little funding supports research on 


^‘’We note that some advocates of particular approac^ies have raised objections to the 
others- 


GAO-14-618T 






28 


EHS implications, an observation that is consistent with our previous 
reporting on the National Nanotechnology Initiative (GAO, 2012). 


Examples of Public- 
Private Partnerships 
Designed to Promote 
Innovation in 
Nanomanufacturing 


Two examples of U.S. public-private partnerships that are designed to 
promote innovation in nanomanufacturing are housed in universities.’® A 
related example with similar goals is a user facility that is located within a 
federal laboratory. 


The NASCENT Center The Center for Nanomanufacturing Systems for Mobile Computing and 
Mobile Energy Technologies (NASCENT) was founded at the University 
of Texas at Austin in 2012, with funding from NSF. Two key objectives 
are: 


• to create processes and tools for manufacturing nano-enabled 
components for mobile computing, energy, healthcare, and security — 
as well as simulations for testing potential nanomanufacturing 
approaches, and 

• to provide an ecosystem with computational and manufacturing 
facilities— for example, large-area wafer-scale and roll-to-roll 
nanomanufacturing,'® as well as the university’s resources, including 
facuity, staff, and students. 

The Center’s overali goal is to faciiitate the rapid creation and depioyment 
of new products and to mitigate the risks associated with the Valley of 
Death and the Missing Middle. A co-director of NASCENT toid us that 
another goal is to use "10 years of NSF funding to deveiop the center 
infrastructure so it will . . . [become] self-supported from industrial 
partnerships and other [non-NSF] funding sources.” Center partners 
include 


’^Government funding for one of the university-based centers is provided by a federal 
grant from the National Science Foundation. For the other, the government portion of the 
funding is provided primarily by a state government, 

’®See Morse (2011). 
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• industrial partners — such as toolmakers, materials suppliers, and 
device makers — that will provide both technical and financial support; 

• companies ranging from start-ups to weii-estabiished firms that will 
implement or adopt technology created by the center; and 

• “translational research partners” such as technology incubators and 
technology funds. 


The College for Nenoscale The college of Nanoscale Science and Engineering (CNSE), established 
Science and Engineering in 2004, is part of the state University of New York and is located in 

Albany — within the existing regional (Hudson Valley) ecosystem centered 
on the semiconductor industry. CNSE is designed as a unique research, 
development, prototyping, and educational public-private partnership for 
advancing nanotechnology. A chief CNSE partner is SEMATECH— a 
global consortium of major computer chip manufacturers that coordinates 
cutting-edge R&D projects on semiconductors and is headquartered at 
CNSE. CNSE has more than 300 members and strategic partners that 
include large U.S.- and non-U.S.-headquartered private companies such 
as IBM, Intel, Samsung, and Global Foundries; small and medium-sized 
companies: universities from across the United States; and regional 
community colleges and economic development organizations, as well as 
government-agency sponsors. CNSE facilities allow the development of 
semiconductors just short of mass production — which is relevant for 
companies attempting to transition from an innovative concept to a 
prototype and to prepare for large-scale production. CNSE has developed 
models of pre-competitive collaboration among its partners, which use 
high-tech CNSE equipment that would be too costly for many Individual 
companies to purchase. 


The Center for Nanoscale The Center for Nanoscale Science and Technology (CNST) is hosted by 
Science and Technology 0 federal laboratory at the National Institute of Standards and Technology 
(NIST). CNST is a user facility with baseline sponsorship through the 
Department of Commerce, which is augmented by external commercial 
funds in the form of user fees paid by industry, academia, government 
labs, and states. CNST supports the U.S, nanotechnology enterprise from 
discovery to production by providing industry, academia, NIST, and other 
government agencies access to world-class nanoscale measurement and 
fabrication methods and technology. The CNSTs shared-use 
nanotechnology-fabrication capability (called NanoFab) gives researchers 
economical access to and training on a commercial state-of-the-art tool 
set required for cutting-edge nanotechnology development. The simple 
application process Is designed to get projects started in a few weeks. 
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Looking beyond the current commercial state of the art, the CNST’s 
nanotechnology-metrology capability offers opportunities for researchers 
to collaborate on creating and using the next generation of nanoscale 
measurement instruments and methods. 


Concluding Remarks 


Based on the views of a wide range of experts, nanoscale control and 
fabrication are creating important new opportunities for our nation — as 
well as the need not only to recognize challenges, but also, where 
challenges exist, to act in response to them. The United States leads in 
some areas of nanomanufacturing, but faces increasing international 
competition. Challenges specific to U.S. competitiveness include, among 
others: 


• the U.S. funding gap known as the Missing Middie, 

• possible weaknesses associated with prior extensive offshoring in 
some U.S. industries, and 

• the lack of a national vision and strategy for the United States to lead 
or sustain a high level of competitiveness in global nanomanufacturing 
markets in the years ahead. 

Experts outlined three main approaches for responding to these 
challenges: (1) reviewing and renewing policies that undergird U.S. 
innovation; (2) supporting public-private partnerships that address U.S. 
funding gaps — especially as these apply to nanomanufacturing; and <3) 
defining a vision and strategy for achieving and sustaining a high level of 
U.S. competitiveness in nanomanufacturing. The potential benefit that 
experts see in pursuing forward-looking approaches such as these is to 
help chart a favorable course for the global economic position of the 
United States as we move further into the twenty-first century. 


Chairman Bucshon, Ranking Member Lipinski, and Members of the 
Committee, this concludes my statement. I would be happy to answer any 
questions you may have. 
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Appendix II: Examples of General Purpose 
Technologies 
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Source. Lipsey e» a. <2005, 132). 

Note; Upsey el al. (2005, 98} define a generaf purpose technology as “a single generic technology, 
recognizable as such over its whole lifetime, that initially has much scope for improvement and 
eventually comes to be widely used, to have many uses, and to have many spillover effects." 
"'Nanotechnology has yet to make its presence felt as a general purpose technology, but its potential 
is so obvious and developing so quickly that we [Lipsey el al.j are willing. to accept that it is on its way 
to being one of the most pervasive general purpose technologies of the 21sl century” {Lipsey el al. 
2005, 132). 
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Chairman BUCSHON. Thank you, Dr. Persons. 

I now recognize Dr. Whitman for five minutes for his testimony. 

TESTIMONY OF DR. LLOYD WHITMAN, 

INTERIM DIRECTOR OF THE NATIONAL NANOTECHNOLOGY 
COORDINATION OFFICE AND DEPUTY DIRECTOR OF 
THE CENTER FOR NANOSCALE SCIENCE AND TECHNOLOGY, 

NATIONAL INSTITUTE OF STANDARDS AND TECHNOLOGY 

Dr. Whitman. Chairman Bucshon, Ranking Member Lipinski, 
Ranking Member Johnson and Members of the Committee, it is a 
privilege to be here today to discuss nanotechnology and the U.S. 
National Nanotechnology Initiative, known as the NNI. 

As Dr. Persons noted, the field of nanotechnology aims to under- 
stand and control matter at sizes of about 1 to 100 nanometers. A 
nanometer is one-billionth of a meter. If I reference a sheet of 
paper, it is about 100,000 nanometers thick, and a DNA double 
helix is about two nanometers in diameter. So nanotechnology in- 
volves working at the scale of atoms and molecules. 

The reason this size range is so interesting is because things this 
small often have properties completely different than both larger 
objects of the same material and the individual atoms and mol- 
ecules within. By changing the size and composition of nanoscale 
materials, one can create things with unique properties that have 
a tremendous range of promising applications. 

Consider gold, for example. Bulk gold like that in jewelry is of 
course gold-colored and chemically inert, but gold nanoparticles, de- 
pending upon their size, may look pink or purple or red and can 
actually be used to catalyze chemical reactions. They can even be 
used to target and kill cancer cells. You can read about many other 
nanotech breakthroughs, including many aimed at improving our 
national security, at our Nano.Gov website. 

So how did the NNI get where it is today? In the 1990s, the tools 
to make and measure things on the nanoscale developed very rap- 
idly, making the promise of nanotech increasingly clear. In re- 
sponse to this promise, the NNI was launched in 2000 and author- 
ized by Congress in 2003. There are now 20 federal agencies ac- 
tively participating in the initiative supported by R&D funding to- 
taling over $1.5 billion per year. 

It is important to emphasize that the NNI is not a distinctly 
funded program with a centralized budget and management but 
rather a well-coordinated multiagency initiative. The NNI is coordi- 
nated through the Nanoscale Science, Engineering, and Technology 
Subcommittee of the National Science and Technology Council. The 
National Nanotechnology Coordination Office, which I direct, pro- 
vides support for the Subcommittee and acts as the primary point 
of contact on the NNI, among other duties specified in the 2003 act. 

The NNI functions as a collaborative effort of the participating 
federal agencies, thereby leveraging the funding, avoiding duplica- 
tion, and providing an effective way for these agencies to work to- 
wards common goals and objectives. These goals are outlined in the 
NNFs strategic plan, which was just updated in February and are 
highlighted — and budget details, along with research accomplish- 
ments and plans, are highlighted every year in the NNI supple- 
ment to the President’s budget. 



43 


Federal nanotechnology innovation in the United States is 
strong. We are advancing research, developing and maintaining the 
U.S. workforce and infrastructure, supporting responsible develop- 
ment, and fostering commercialization. The most recent reviews of 
the NNI by the National Nanotechnology Advisory Panel and by 
the National Academies agree with this assessment. However, 
there is always room for improvement. 

This year’s updated strategic plan describes a number of ways 
federal agencies will further strengthen the NNI laying out specific 
interagency objectives under each of the goals. The plan calls out 
the importance of the nanotechnology signature initiatives, which 
agencies collaboratively established to spotlight areas of national 
significance that can be advanced more rapidly through focused, co- 
ordinated research. It also introduces revised budget categories 
called program component areas, which have evolved over the 
years as the field has matured. 

The sustained strategic federal investment in nanotechnology, 
combined with strong private sector investments, has made the 
United States the global leader in nano. For example, it is esti- 
mated that in 2012 U.S. companies invested over $4 billion in 
nanotech R&D, far more than investments made by companies in 
any other country. Although the annual federal investment is rel- 
atively modest in comparison, it plays a very different role, namely 
supporting a critical pipeline of foundational research innovations 
that will form the seeds for future industry investment. The NNI 
also demonstrates the government’s long-term commitment to the 
field, very important to sustaining the private sector support need- 
ed to bring nanotech products from lab to market. 

The 21st century Nanotechnology Research and Development Act 
of 2003 has provided an excellent framework for the coordination 
and oversight of the NNI. It has brought federal agencies together 
to develop and implement an efficient and effective national strat- 
egy for nanotech R&D, including a robust, well-coordinated pro- 
gram of environmental health and safety research needed to ensure 
that new nanotech products are safe. 

In conclusion, the NNI has sustained vital support for funda- 
mental groundbreaking research, development, infrastructure, and 
education and training, programs that collectively constitute a 
major U.S. innovation enterprise. It is essential that the United 
States continue to lead the way. The Nation’s economic growth and 
global competitiveness depend on it. 

So I thank the Chairman and the Members of the Committee for 
the opportunity to appear before you today and I would be pleased 
to answer any questions. 

[The prepared statement of Dr. Whitman follows:] 
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Chaimian Bucshon, Ranking Member Lipinski, and Members of the Committee, it is my distinct 
privilege to be here with you today to discuss nanotechnology and the role of the National 
Nanotechnology Initiative in promoting its development for the benefit of the United States. 

What is Nanotechnology? 

Nanotechnology is the understanding and control of matter at dimensions between approximately 1 
and 100 nanometers. A nanometer is one billionth of a meter; a sheet of paper is about 100,000 
nanometers thick; a single gold atom is about a third of a nanometer in diameter. Encompassing 
nanometer-scale science, engineering, and technology, nanotechnology involves imaging, 
measuring, modeling, and manipulating matter at this length scale. Unusual physical, chemical, and 
biological properties can emerge in materials at the nanometer scale. These properties may differ in 
important ways from the properties of bulk materials and single atoms or molecules, and can enable 
novel applications not possible in bulk materials of the same chemical composition. 

For example, in bulk form gold is chemically inert, while gold nanoparticles can act as catalysts to 
speed up chemical reactions. Gold nanoparticles may appear pink, purple, red, or other colors 
depending on their size and shape, and are under investigation for a wide variety of applications, 
including diagnosing and treating cancer. Bulk carbon (“soot”) is considered a waste byproduct of 
combustion, whereas nanostructured carbon in the form of nanotubes or graphene (the subject of the 
2010 Nobel Prize in Physics) exhibit remarkable electrical and mechanical properties that could 
enable the next generation of computers, composites that are stronger and lighter than steel, and a 
myriad of other potential applications. Semiconductor nanoparticles known as “quantum dots” are 
now being used in flat-panel TVs and light bulbs to provide more vivid and accurate colors. There 
are countless other examples; nanotechnology opens up an entirely new dimension in enabling the 
development of materials with tailored properties previously unknown or considered impossible. 

The unique properties of nanostructured materials are already in use in a wide variety of 
nanotechnology-enabled products on the market today, from electronics to energy conversion. 
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medicine, and advanced manufacturing.' These early applications are only the beginning of a 
revolution in technology and industry that will have a profound impact on our economy, health, and 
national security, and that can excite a new generation of students to choose careers in science, 
technology, engineering, and math. 

What is the National Nanotechnology Initiative? 

Recognizing this exciting potential. President Clinton created the National Nanotechnology 
Initiative (NNl) in 2000, and Congress formally authorized the NNI under the 2P' Century 
Nanotechnology R&D Act of 2003.'^ Since then, with bipartisan support from three presidents and 
eight Congresses, Federal funding for nanotechnology across 1 1 Federal departments, agencies, and 
independent commissions has grown to over $1 .5 billion per year, with a cumulative investment of 
over $20 billion since 2001, A total of 20 agencies with missions and activities related to 
nanotechnology participate in the NNI, which is coordinated through the National Science and 
Technology Council (NSTC). The Nanoscale Science, Engineering, and Technology (NSET) 
Subcommittee of the NSTC’s Committee on Technology coordinates planning, budgeting, program 
implementation, and review of progress for the Initiative. The NSET Subcommittee is composed of 
representatives from participating agencies and the Executive Office of the President. The National 
Nanotechnology Coordination Office (NNCO), which I direct, acts as the primary point of contact 
for information on the NNI; provides technical and administrative support to the NSET 
Subcommittee, including the preparation of multiagency planning, budget, and assessment 
documents; develops, updates, and maintains the NNI website www.nano.gov; and provides public 
outreach on behalf of the NNI. 

The NNI is a coordinated multi-agency initiative, not a distinctly funded “program” with a 
centralized budget. Each year the Office of Management and Budget sends a request to the 
participating agencies for data on their current and proposed spending on nanotechnology; the sums 
of these figures are reported to Congress in the NNI Supplement to the President’s Budget, a 
document that also serves as the annual report to Congress called for in the Act’ Through the NSET 
Subcommittee and its working groups, and with support from the NNCO, the NNI fosters 
coordination and collaboration across agencies, leverages funding and avoids duplication of efforts, 
and provides a framework by which agencies work towards common goals and objectives that are 
outlined in the NNI Strategic Plan,"* updated every three years (most recently in February 2014), 
also per the Act. 


' Nanotechnology-enabled products are already valued at an estimated $1 trillion in annual sales today, projected to 
grow to $3 trillion by 2018, per Lux Research, Feb. 2014, Nanotechnology Update: Corporations Up Their Spending as 
Revenues for Nano-enabled Products Increase (available by subscription at httD://Dortal.luxresearchinc.CQmA . 

^ Hereinafter referred to as “the Act.” 

’ http://www.nano.gov/sites/default/files/Dub resource/nni 1V15 budget supplement.ndf . Includes a list of all NNI 
participating agencies and descriptions of their current and planned activities. 

“ http://www.nano.gov/sites/default/files/Dub resource/2014 nni strategic nlan.ndf . Includes complete list of all NNI 
goals and objectives, discussion of each agency’s interests in and activities related to nanotechnology, and an 
explanation of the Program Component Areas, or budget categories, for 20 1 3 and beyond. 
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Highlights of the National Nanotechnology Initiative 

Our current Federal research and development program in nanotechnology is strong. The NNI 
agencies continue to further the NNFs goals of (1) advancing nanotechnology R&D, (2) fostering 
nanotechnology commercialization, (3) developing and maintaining the U.S. workforce and 
infrastructure, and (4) supporting the responsible and safe development of nanotechnology. The 
NNI Supplement to the President’s 2015 Budget (see footnote 3 above) highlights progress of the 
NNI agencies with respect to each of these goals. In support of goal I, R&D, the NNI is sustaining a 
broad R&D investment portfolio across 1 1 Federal departments, agencies, and independent 
commissions. In support of goal 2, commercialization, the NNI agencies are using programs such as 
Small Business Innovation Research (SBIR), Small Business Technology Transfer (STTR), and the 
National Science Foundation (NSF) Innovation Corps to fund and support small business activities 
and commercialization. Agencies are also engaged with public-private partnerships to leverage 
industry resources and expertise.^ With respect to goal 3, infrastructure, the NNI is sustaining its 
long-standing investments in research centers and user facilities, and in nanotechnology education 
at all levels. Regarding responsible development of nanotechnology (goal 4), as part of agency 
efforts to ensure that new nanomaterials and nanotechnology-enabled products will be safe for 
public use from their inception to their disposal, the NNI released a comprehensive environmental, 
health, and safety (EHS) research strategy in 201 1 The NSET Subcommittee and its 
Nanotechnology Environmental and Health Implications (NEHI) Working Group continue to 
coordinate, facilitate, and monitor progress towards its implementation. NNI funding for EHS 
research has roughly tripled since 2006, and now represents over 7% of the annual NNI R&D 
investment.’ The NNI also continues to support research on ethical, legal, and other societal 
implications issues associated with nanotechnology. 

The most recent reviews of the NNI by the National Nanotechnology Advisory Panel (NNAP)* and 
by the National Academies* (called for by the Act) both concur that the initiative is strong. 

However, there is always room for improvement, as also suggested by the NNAP and the National 
Academies. The coordination and implementation of the NNI has been a dynamic process designed 
for continuous improvement as the Initiative progresses. For example, specific objectives designed 
to strengthen Federal nanotechnology activities under each of the NNI goals are enumerated in the 
2014 NNI Strategic Plan. This year’s plan, released in February, also sets out new Program 
Component Areas (or budget categories), including one for the Nanotechnology Signature 
initiatives, which spotlight areas of national significance that can be more rapidly advanced through 
focused and closely coordinated interagency collaboration. This updated plan addresses NNAP and 


^ Examples include the SRC Nanoelectronics Research Initiative, and P3Nano, a partnership between USDA Forest 
Service Forest Products Laboratory and the U.S. Endowment for Forestry and Communities formed to advance the 
commercialization of ceiiulosic nanomaterials. 

° httD://www.nano.gov/sites/default/files/oub resource/nni 2011 ehs research 5trateev.pdf 
^ httD://nanodashboard.nano.eov/ 

^ htta://www.whitehouse.gov/slte5/default/files/microsltes/ostp/PCAST 2012 Nanotechnology FINALodf 
^ http://www.nap.edu/catalQg.php7record id=18271 
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National Academies recommendations, as well as input from a wide variety of stakeholders, 
gathered through workshops and Federal Register notices. 

Congress plays a critical role in strengthening Federal nanotechnology R&D activities, providing 
oversight as well as the resources needed to carry out the activities described in the NNI Strategic 
Plan and the NNI Supplement to the President’s Budget. 

The sustained, strategic Federal investment in nanotechnology R&D combined with strong private 
sector investments in the commercialization of nanotechnology-enabled products has made the 
United States the global leader in nanotechnology. The most recent (2012) NNAP report analyzed a 
wide variety of sources and metrics and concluded that “. . . in large part as a result of the NNI the 
United States is today... the global leader in this exciting and economically promising field of 
research and technological development.”"* A recent report on nanomanufacturing by Congress’s 
own Government Accountability Office (GAO) arrived at a similar conclusion, again drawing on a 
wide variety of sources and stakeholder inputs.*' As discussed in the GAO report, 
nanomanufacturing and commercialization are key to capturing the value of Federal R&D 
investments for the benefit of the U.S. economy. The United States leads the world by one 
important measure of commercial activity in nanotechnology; According to one estimate,'^ U.S. 
companies invested $4.1 billion in nanotechnology R&D in 2012, far more than investments by 
companies in any other country. The NNI’s Federal investments are relatively modest in 
comparison, but play a very different role, supporting a critical pipeline of basic research, 
generating new innovations that will provide opportunities for future industry investments in 
applied R&D, and demonstrating the Government’s commitment to the field — critical to sustaining 
private sector investments in commercializing nanotechnology-based products. 

The 2F* Century Nanotechnology Research and Development Act of 2003 has provided an 
excellent framework over the past decade for the coordination and oversight of the NNI, in turn 
helping to establish and maintain U.S. global leadership in nanotechnology. Over these years, the 
NNI has brought together the agencies to develop and implement a national strategy for 
nanotechnology R&D, as called for in the Act in the form of periodic strategic plans, resulting in a 
strong Federal community of interest. The participating agencies actively communicate, coordinate, 
and collaborate within the NNI structure, which has enabled enhanced awareness of ongoing and 
planned activities within the agencies aligned with their respective missions, thus ensuring the 
greatest possible leveraging of resources for the American taxpayer. In particular, the Act has been 
very effective in helping the NNI agencies develop a robust, well-coordinated program of 
environmental, health, and safety research. 


Op. cit., cover ietter, p. iii. 

http://www.gao.eQv/assets/670/660591.odf. p. 17: "...forum participants viewed the United States as, overall, 
likely leading in nanotechnology RSeD at the present time," 

Lux Research, Op. Cit. (reference 1 above). 
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Federal agencies collaborate through the NSET Subcommittee’s NEHI Working Group to 
periodically review the status of nanotechnology environmental, health, and safety. Through joint 
alignment of research activities, Federal agencies participating in the NEHI Working Group have: 

• Coordinated and continued to implement research needs highlighted in the 201 1 NNI EHS 
Research Strategy, which provides guidance to NNI agencies to ensure the safe, effective, and 
responsible development and use of nanotechnology. This includes efforts that pertain to risk 
management, regulatory decision-making, product use, research planning, and public outreach 
in nanotechnology. A few examples are as follows: 

- Workplace safety: Federal ageneies continue to establish guidelines for safe handling of 
nanomaterials by both research and manufacturing workers through diligent program 
development by the Occupational Safety and Health Administration (OSHA) and the 
National Institute for Occupational Safety and Health (NIOSH). For example, OSHA has 
funded the development of a guide for laboratory workers on engineered nanomaterials 
(ENMs) and occupational safety and health, and has collected a compendium of resources 
on workplace exposure control methods for engineered nanomaterials. NIOSH has led an 
effort to develop methods for evaluating worker exposure using a multimetric approach 
(that includes mass, particle number, size distribution, and surface area). In addition, 
NIOSH has conducted ENM air-sampling assessments at about 40 research and industrial 
facilities, including laboratories at the National Institute of Standards and Technology, the 
National Institute of Environmental Health Sciences, and the U.S. Army Engineer 
Research and Development Center. 

- Consumer safety: The Consumer Product Safety Commission has established numerous 
agreements with other NNI agencies to quantity potential exposures and health impacts of 
ENMs in consumer products, including interagency agreements with NIOSH, NSF, the 
Environmental Protection Agency, and the Food and Drug Administration. 

• Engaged stakeholders to discuss the assessment, management, and communication of potential 
risks associated with the use of nanomaterials. A recent workshop, held in September of 2013, 
facilitated stakeholder discussion of key elements needed to assess, manage, and communicate 
potential risks associated with use of nanomateriais and nanotechnology-enabled products. 

• Supported the development of international standards for the responsible development of 
nanotechnology: Federal agency members have contributed to the substantial progress that has 
been made through coordinated international efforts to develop consensus standards pertaining 
to physico-chemical property measurements, biological property and EHS assays, 
nomenclature, and terminology for ENMs. As of April 1 , 2014, more than 50 consensus 
standards have been released by standards development organizations supporting the areas 
referenced above. 

As with many emerging areas of science and technology throughout history, while nanotechnology 
can be put to a wide variety of beneficial uses, there is potential for misuse. The NNI agencies 
responsible for national security have taken this potential seriously; for example, sponsoring in 
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2007 a workshop discussing potential applications and threats, Nanotechnology for Chemical and 
Biological Defense 2030, resulting in a comprehensive book on the topic.'^ In addition, the 
international community closely monitors this topic in the context of the Biological and Toxin 
Weapons Convention''’ and the Chemical Weapons Convention.'^ 

It is worth noting that there has been a significant amount of R&D devoted to national security 
applications of nanotechnology, including detection, protection, and remediation of potential 
chemical, biological, radiological, and explosive threats. For example, the Defense Threat 
Reduction Agency has a substantial investment in nanotechnology, as documented in the NNI 
Supplement to the President’s 2015 Budget.’^ These efforts effectively leverage other investments 
in basic research by agencies such as NSF. The NNFs Nanotechnology Signature Initiative on 
“Nanotechnology for Sensors and Sensors for Nanotechnology,” with participation from eight NNI 
agencies, is a perfect example of NNI R&D coordination and leveraging. This coordinated effort 
could accelerate the successful development of nanotechnology-enabled sensors for defense against 
weapons of mass destruction, while also enabling development of sensors for environmental, 
agricultural, or biomedical applications. 

Concluding Statement 

The NNI investment has sustained vital support for fundamental, ground-breaking R&D, research 
infrastructure (including world-class centers, networks, and user facilities), and education and 
training programs that collectively constitute a major U.S. innovation enterprise. It is essential that 
the United States continue to lead the way in innovation enabled by nanotechnology and other 
emerging technologies — the Nation’s economic growth and global competitiveness depend on it. I 
thank the Chairman and the Members of the Committee for the opportunity to appear before you 
today, and I would be pleased to answer any questions that the Committee may have. 


“ M. Kosal, Nanotechnology for Chemical and Biological Defense (Springer-Verlag, New York, 2009). 

*“ National Research Council. Trends in Science and Technology Relevant to the Biological and Toxin Weapons 
Convention: Summary of on International Workshop: October 31 to November 3, 2010, Beijing, China. Washington, DC: 
The National Academies Press, 2011. 

httos://rov3lsocietv.org/~/media/policv/proiects/brain-waves/2013-08-04-chemical-weaDons-conventiQn-and- 

convergent-trends.pdf . 

“ Op. Cit.; see in particular pp. 68-69. DOD's investments are also described in some detail in this report. 
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Dr. Whitman is currently serving as the Interim Director of the National Nanotechnology 
Coordination Office (NNCO) as a temporary, full-time detail from his position as Deputy 
Director of the Center for Nanoscale Science and Technology (CNST) at the National Institute of 
Standards and Technology (NIST). He received a B.S. in Physics from Brown University (with 
honors, magna cum laude), and M.S. and Ph.D. degrees in Physics from Cornell 
University. After a National Research Council Postdoctoral Research Fellowship at NIST, he 
joined the research staff at the Naval Research Laboratory (NRL). At NRL, Lloyd was the Head 
of the Surface Nanoscience and Sensor Technology Section, where he led a diverse portfolio of 
research studying semiconductor, organic, and biomolecular nanostructures, their use in novel 
functional surfaces, and their integration into advanced sensor systems for national security 
applications. In addition to leading research at NRL, Lloyd served as a Science Advisor to the 
Special Assistant to the Secretary of Defense for Chemical and Biological Defense and Chemical 
Demilitarization Programs. Lloyd joined the CNST as its founding Deputy Director in April 
2008, overseeing the operations of the Center and working closely with the Director in leading 
the Center’s strategies and programs. He also serves as the liaison to NIST’s overall 
nanotechnology program, representing NIST and serving in 2013 as national co-chair on the 
National Science and Technology Council, Committee on Technology Subcommittee on 
Nanoscale Science, Engineering and Technology (NSET). Lloyd has over 160 publications and 
multiple patents in the areas of nanoscience and sensor technology, and numerous media 
citations and awards, including the Navy Meritorious Civilian Service Award. 
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Chairman BUCSHON. Thank you, Dr. Whitman. 

I now recognize Dr. Stevenson for five minutes to present his tes- 
timony. 

TESTIMONY OF DR. KEITH STEVENSON, PROFESSOR, 
DEPARTMENT OF CHEMISTRY & BIOCHEMISTRY, 

THE UNIVERSITY OF TEXAS AT AUSTIN 

Dr. Stevenson. Thank you, Chairman. And on hehalf of the 
State of Texas and the University of Texas at Austin, I am happy 
to represent and provide testimony today on the nanotechnology 
state of affairs. 

You have asked me to summarize the current state of R&D in 
the area, as well as provide future prospects. In addition, as Lloyd 
just spoke about, talk about the details and the impact of the Na- 
tional Nanotechnology Initiative and what it has done over the last 
14 years. 

I also have been asked to talk about the importance of the fed- 
eral fundamental funding in this area, as well as how my univer- 
sity has contributed to the STEM-based initiatives and growth of 
the nanotechnology workforce. 

First, I would like to address the importance of the nanotech- 
nology initiative. I myself started my career in 2000 and grew up 
with the growth of this program. I think it is safe to say now this 
program has been assessed and reviewed and measured with many 
different types of quantitative outcomes, and it is clear to say that 
it has been very successful across many levels. In particular, I 
would say most importantly bringing fundamental new knowledge, 
new understanding to the area. The growth of — and establishment 
of over 50 journals dedicated to nanotechnology and science across 
many different subdisciplines, you are starting to lose count with 
that. 

Additionally, the amount of infrastructure that has been built up 
across the Nation, every national lab has typically a subset of dedi- 
cated nanotechnology and nanofabrication tools. They also have 
many large-scale universities that interact with both national labs 
but also with other state institutions like the University of Texas 
at Austin that facilitate interactions not only from national labs 
but also with new industries. 

Also, the training of the nanotechnology workforce, without the 
establishment of infrastructure on this scale, it is clear to say that 
we have really dedicated, well-trained staff that help enable the 
science based around the broad context of nanotechnology in this 
area. 

The importance of continually investing in fundamental research 
is hard to describe in simple terms, but really I think what you can 
see from the past developments in the area is that the growth of 
this field has really accelerated things on many levels, not only just 
from the fundamental understanding like I said but the connec- 
tions that it makes to the next level. It was talked about the ability 
to make new discoveries, but there does rely in some sense a con- 
tinued investment at the next level to bridge the gap, as was high- 
lighted by the GAO, to be able to transition those fundamental dis- 
coveries into actually new technologies, innovations, and products 
that we can then lead to the productivity of new areas. 
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There are several fundamental questions that we would like to 
be able to address. For instance, can we — we still need to figure out 
how we can perfect the synthesis and fabrication of precise multi- 
functional structures that really create new technologies. We don’t 
really know how to scale nanoscience right now. It has been very 
costly in the sense and it is not very efficient. 

Additionally, at UT Austin in particular, the ability to be able to 
train students in this area, we have invested in several different 
initiatives at many different levels. One is to really hook students 
at the very earliest level at STEM education, so what we could do 
is we recruit students at the freshman level and put them into the 
research lab and expose them to the concepts of nanoscience and 
technology. We have been able then to then escort them through 
a two-year program which then they then transition into more ad- 
vanced science and engineering labs. And then from that they then 
typically are encouraged and given fellowships and internships at 
the next level to then go to graduate school in the STEM-based 
areas. 

Additionally, at UT Austin we have established a core of — a suite 
of user instrumentation that has allowed us to train hundreds if 
not thousands of students in the area of nanoscience and tech- 
nology. We have a graduate level portfolio program that gives them 
certification in the area. It is not a degree-granting program but it 
allows them to really work interdisciplinary across as many as 14 
different departments to be able to really foster nanoscience. 

The outcome of this is that over 120 of these students are now 
at many levels, academic institutions, national labs, startup small 
businesses based on what they have learned as graduate students, 
and work for the government agencies. 

And with that I would like to conclude and thank everyone for 
the opportunity to be able to testify on behalf of the State of Texas. 
Thank you. 

[The prepared statement of Dr. Stevenson follows:] 
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Summary; Testimony is provided on the current state of nanotechnology research and 
development (R&D), as well as, its future opportunities and challenges. The National 
Nanotechnology initiative (NNI) is discussed; and its successes on many levels (new knowledge 
generation, patents, technological innovations, infrastructure investments, and workforce 
training) are highlighted. The impact of federal funding in nanotechnology and the need for 
future investments are summarized. Additionally, forthcoming prospects of nanotechnology are 
envisioned to impact several sectors (Energy, Environment, Health, Medicine, Information 
Technology), Finally, the testimony will detail how the University of Texas at Austin, specifically 
the Center for Nano- and Molecular Science and Technology, has significantly impacted STEM 
education, and the nations nanotechnology workforce via establishment of focused research, 
educational and training programs, dedicated user-facilities, and grant-assistance programs. 
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Chairman, Rep. Lamar Smith (R-TX) of the Committee on Space, Science and Technology; 
and Chairman, Rep. Larry Bucshon (R-IN) of the Research and Technology Subcommittee, my 
name is Keith J. Stevenson, and I am a Professor of Chemistry and the Director of the Center 
for Nano- and Molecular Science and Technology (CNM) at The University of Texas at Austin. I 
appreciate the opportunity to appear before you today to provide my insight into the current 
state of nanotechnology research and development (R&D), as well as, its future opportunities 
and challenges. You have also asked me to address the National Nanotechnology Initiative (NNI) 
and the ways my University is addressing STEM and workforce needs. 

In a relatively short interval for an emerging technology, nanoscience and 
nanotechnology research has provided significant economic impact in numerous sectors 
including semiconductor manufacturing, electronics, catalysts, medicine, agriculture, and 
energy production. Since 2001, the National Nanotechnology Initiative (NNI) has served as the 
vehicle for coordinating and reporting on activities in this dynamic field across the Federal 
Government. At least twenty departments, independent agencies, and independent 
commissions have participated in the NNI, representing a wide variety of missions, 
responsibilities. Interests, and expertise. By many measures, the NNI has been assessed, 
evaluated and reviewed for impact on scientific production, commercialization, technology 
transfer, STEM and workforce development (see www.nano.gov for publications). Several 
reports now strongly document that NNI has been a tremendous success on many levels 
Including scientific and technological merits and broader societal and environmental Impacts. 
Yet, the current federal deficit is the result of significant cuts to the federal investments in 
fundamental research and higher education at a time when other nations (Europe, China, 
Korea, Saudi Arabia, Singapore, Russia), having learned from the unprecedented success of US 
technological innovation, have dramatically increased their investments in nanoscience and 
nanotechnology. As a result, the US risks losing its competitive advantage in advancing 
fundamental knowledge; in the discovery of breakthrough materials; in the commercialization 
of innovative technologies, and in the scale-up and manufacturing of new products. It is 
abundantly clear that continued and increased investments in research and education in 
nanoscience and nanotechnology are required for the US to maintain a strategic advantage in 
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nanotechnology and related sectors {e.g. Conamunications, Electronics, Energy, Health, and 
Environment). 


You have asked me to address the following questions: 

1. What is the importance of federal funding to fundamental advances in the area of 
nanotechnology? 

2. What fundamental questions in nano-science are fruitful to further investigation, and why 
are these questions appropriate for federal funding? 

3. What and where is the future of applications of nanotechnology research? 

4. What potential areas will most benefit from fundamental advances in 
nanotechnology? Please explain. 

5. What additional ways could the federal government be supportive of nanotechnology 
initiatives and research? 

6. How is your University working to address the relevant STEM and workforce needs in 
nanotechnology. 


1. Importance of federal funding on fundamental advances in nanotechnology. 

Since the launch of the National Nanotechnology Initiative (NNl) in 2001 the US has 
established itself as a foremost leader in nanoscience and technology and continues to 
maintain prominence in a variety of important science, engineering and technology areas. In 
particular, federal support has allowed us to learn a great deal about the unique and important 
properties of matter that emerge when confined to the nanoscale. A tremendous amount of 
new knowledge has arisen from federal support of nanoscale science and engineering 
evidenced by the establishment of at least SO new scientific journals (e.g. Nature 
Nanotechnology, Nano Letters, ACS Nano, Nano Today, Small, Nanomedicine, Nanotoxicologyj 
dedicated to nano-related topics with high scientific impact factors. The nano community is 
now well positioned to address more complex issues of how the functionality of these 
properties can be tuned and exploited in real world materials and devices, and more 
importantly how we can predict, design and control the functionality of new materials. For 
instance, the launch of several new research initiatives (Materials Genome, Mesoscale Science, 
Brain Initiative) are inextricably intertwined with the advances and breakthroughs made in 
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nanoscience and nanotechnology. In many respects, these initiatives have sprung out of and 
build upon the fundamental advances made in the support of nanotechnology research. 


2. Fundamental questions worthy of further investigation for fruitful outcomes. 

There remain a multitude of fundamental questions that are worthy of further 
investigation whose pursuit for their answers will produce new scientific knowledge and 
advances. For example, five "grand challenges" adapted from DOE BESAC workshop reports 
that involve nanoscale science and engineering could include: 

• "How do we perfect cheap, efficient and scalable ways for the synthesis and fabrication 
of nanomoterials and nanostructures with tailored properties?" 

• "How do we characterize and control nanoscale materials and phenomena?" 

• "How do we study and evaluate the environmental, health, safety, economic and societal 
impacts of nanomaterials and nanotechnology?" 

• "How can we predict and design new properties of nanomaterials?" 

• "How do we foster the safe and ethical development of nanomaterials and technologies ? 

These grand challenges in nanotechnology raise even more explicit fundamental questions that 
if answered in detail could enable tremendous scientific and technological advances. For 
instance, not only do we want to increase the efficiency of nanosynthesis and nanofabrication 
methods, can we develop methods with precise enough control to facilitate the assembly of 
elaborate multifunctional architectures, atom by atom, from the bottom up. Put another way; 
can we engineer functional systems at the atomic and molecular scale? The attempt to answer 
these questions provides the basis of nanotechnology. If we could do so, we could achieve 
several so-called "holy grails" In several areas including artificial photosynthesis (energy), single 
molecule cancer detection (disease diagnostics, health), and quantum computing (information 
technology). Yet it is important to emphasize that the pursuit is more important than achieving 
a specific outcome. "Use-inspired" and goal driven research has great value for steering and 
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producing rewarding outcomes, but fundamentally the scientific process involves many 
diversions, explorations, and unexpected observations that produce fortunate discoveries not 
previously imagined or conceived. 


3. Future applications of nanotechnology research. 

It is almost impossible to forecast everything that nanotechnology will bring to the 
world considering that it is still a relatively underdeveloped field. However, in our journey to 
understand, to think, to envision, to innovate there will be many new significant scientific 
discoveries and breakthroughs that produce new applications. Several future applications of 
nanotechnology will be realized and will be evidenced by the continual growth of the number 
of relevant patents and scientific publications. One newly emerging theme is idea of guided 
self-assembly of multifunctional nanocomponents into three-dimensional circuits and fully- 
integrated devices. For instance, the nano-bio-medical subfield could design such systems to 
Improve the tissue compatibility of implants, or to create scaffolds for tissue regeneration, and 
even construct three-dimensional "printed" artificial organs. Other applications will possibly 
emerge that involve molecular nanosystems and heterogeneous networks in which molecules 
and supramolecular structures serve as distinct multifunctional devices (nanobots) or self- 
powered, autonomous biosensors. The idea of "edible electronics" is emerging where medical 
devices could be taken orally or implanted in the body to measure biomarkers or monitor 
health problems. The edible battery also could be used to stimulate the targeted release of 
drugs for the treatment of cancer. Other bio-nano systems will also enable the direct 
interfacing of humans with wearable electronic devices for telecommunications and for 
continuous health and environmental monitoring. 


4. Beneficial outcomes from fundamental advances in nanotechnology. 

There are many beneficial outcomes that will result from fundamental advances in 
nanotechnology. I provide a few case examples where there will be broad impact. 
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Electronics and Computers. We will continue to see the improvement of flexible, light weight 
display screens on wearable electronics devices as well as the increase in the density of 
memory chips. Memory chips are now being developed for future information storage 
applications with feature sizes below 20 nm such as terabyte memory arrays and ultra-fast 
gigabyte nonvolatile memories. There will be a continued reduction in the size of transistors 
with lower power demands used in integrated circuits which will lead to faster, more 
powerful lightweight computers with a much smaller footprint. 

Telecom and Datacom. The ability to engineer and integrate both optical and electrical 
nanomaterials will bring about tremendous advances in telecommunication and data 
communication sectors by providing low power, high speed, interference-free devices such as 
electrooptic and all-optical switches integrated on computer chips. These developments will 
lead to the further integration of related components such as the massive storage of data on compact 
storage devices with high-performance computing features. This in turn will enable new high speed 
communications and high performance information processing that will impact several sectors 
(Information Technology, Energy, Health, Medicine, Environment). 

Energy. Nanoscience and technology will significantly impact the renewable energy sector. 
For Instance, the incorporation of low-cost, earth abundant nanomaterials in energy 
conversion and storage device architectures will improve the efficiency, energy and power 
densities of fuel cells, capacitors, and batteries for portable applications, transportation, and 
large scale grid storage. These energy storage and conversion devices are important to many 
areas of technology, including portable electronics, medical devices, power tools, 
transportation and the storage of electricity produced by intermittent renewable sources 
{wind and solar). Advances in this area will accelerate the design and implementation of on- 
site energy generation and decentralized energy generation systems. These systems will 
change how we generate, deliver and use electricity. The development of decentralized 
generation networks enables collection of energy from many sources which offer the promise 
of reducing environmental impacts and improving our security of supply. 
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Environment. Nanotechnology will play a heavy role in addressing critical environmental 
problems for water purification and remediation. For instance, new nanomembrane 
technologies will enable efficient water purification processes, and facilitate the development 
of improved remediation strategies for clean-up of hazardous waste streams. Nanomaterials 
in various shapes/morphologies (particles, tubes, wires, fibers) with be made to function as 
adsorbents and catalysts for the detection and removal of toxic gases (SO2, CO, NO*, H2S), 
inorganics contaminants (arsenic, nitrate, heavy metals), organic pollutants (polyaromatic 
hydrocarbons, Bisphenol A) and biological substances (spores, viruses, bacteria). 
Nanotechnology will also create new 'green' synthesis and processing technologies that can 
minimize the generation of undesirable by-products in effluents and emissions streams. 

Health Care, Medicine, Biodiagnostics. There will be rapid advancement of the development 
of biological nanosensors for fast and accurate monitoring of health and biological functions 
at the point of care level. Nanotechnology is now facilitating the creation of 'lab on a chip' 
technologies involving the assembly of artificial organs to enable organ-based screens for 
drug development and treatment. 


5. Needs for federal government support in nanotechnology. 

There remains a critical need for the continued investment in basic research and in 
small- and intermediate-scale instrumentation for characterization and study of nanomaterials. 
The continued support of established larger-scale NNI facilities and networks is crucial, as well 
as, increased investments of multi-disciplinary research activities that integrate both theorists 
and experimentalists. The recent federal focus on the materials genome and mesoscale science 
initiatives are inextricably intertwined with advances in nanoscience and nanotechnology so 
support of nanotechnology will aid in advancing new research initiatives. Existing 
nanotechnology facilities should be leveraged to attract grant funding in other emerging areas. 
New investments for the training of a nanotechnology workforce (undergraduates, graduate 
students, postdoctoral fellows, and early stage scientists) is still vital for maintaining a 
competitive scientific and technological advantage. While the most recent focus on 
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nanotechnology funding includes support of environmental, health and safety (EHS) areas, solar 
energy conversion, sustainable nanomanufacturing, and nanoelectronics, the support for work 
in newly emerging areas (nanophotonics, nanobiotechnology, energy, health and medicine) 
should be increased. While NNI and other mechanisms have facilitated the establishment of an 
extensive nanotechnology infrastructure for nanofabrication and characterization capabilities, 
increased and continued investments need to be made for evolving nanotechnology discoveries 
from the research laboratory into innovative technologies. Both new facilities and networks 
should be established and the existing capabilities and user facilities should be supported as 
they broadly support R&D on many levels including nanoscale characterization, synthesis, 
simulation and nanomanufacturing. 


6. How is your University working to address the reievant STEM and workforce needs in 
nanotechnoiogy. 


Since its founding in the 2002 by Professor Paul Barbara, UT-Austin's Center for Nano- 
and Molecular Science and Technology (CNM) ( www.nano.utexas.edu ) has proven to be a great 
mechanism for the recruitment, 
retention, education and training of a 
nanotechnology workforce. The CNM 


Nano Portfolio Program - Graduates by Department 
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Total = 119 students 

■ Aerospace Engineering 

■ Biomedical Errgineering 

■ Chemical Engineering 

■ Chemistry 


early on established a new certification 
program in interdisciplinary nanoscience 
and technology fields for graduate 
students enrolled in department-level 
science and engineering programs. Now, 
nearly 120 graduate students have 
obtained their nanotechnology certification. These well-trained graduates are now working in 
academics, national laboratories, nanotech industries and small businesses. 
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A 
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■ Electhcal & Computer 
Engineering 

■ Mechanical Engineering 

■ Materials Science & 
Engineering 

■ Physics 


The CNM also sustains grant-initiated educational outreach programs focusing on 
nanoscience by helping faculty Pis develop and host educational and outreach activities such as 
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summer science camps, building tours of nanotechnology user facilities, and in conducting 
nanoscience demonstrations. Over this time, the CNM has produced several publications for 
communicating and educating the general public on nanotechnology. These activities help 
communicate how nanotechnology is relevant and engaging and acceptable by involving them 
in nanoscience experiments they can do themselves. Examples, include: "New Nanotech from 
an Ancient Material: Chemistry Demonstrations involving Carbon-based Soot," J. Chem. Ed. 
2012, 89{10), 1280; and, "A Simple Method for Production of Nanoscale Metal Oxide Films from 
Household Sources," / Chem. Ed. 2013, 90(5), 629. 

The CNM has also worked with the College of Natural Sciences (CNS) at UT-Austin to 
achieve a large scale reinvention of its undergraduate research paradigm that was faculty 
initiated. This program was originally conceived in the Departments of Chemistry and 
Biochemistry and Molecular Biology (Stevenson, Ellington, Stephens) in response to a 2005 N5F 
Undergraduate Research Center solicitation. This program has now morphed into what is 
known as the "Freshman Research Initiative" (FRI) fwww.cns.utexas.edu/fri ) that addresses the 
following goals: 1) attract and retain students in STEM, 2) engage large numbers of students 
with diverse backgrounds in authentic research, 3) improve undergraduate retention and 
academic success (g.p.a. and graduation rates), 4) bridge the gap between education and 
research by using research as a vehicle for teaching, 5) create an environment in which the 
effects of research training can be assessed, 6) drive STEM curriculum reform, and 7) enhance 
interdisciplinary collaborations that promote education through undergraduate research. 

This newly integrated research and teaching model has now been proven to increase 
the number and diversity of students participating in undergraduate research experiences by 
involving a large number of incoming freshmen in an intimate research experience over the 
course of their first two years on campus. Students are recruited during freshman summer 
orientation and are encouraged to participate because FRI program offers a research-based, 
smaller-class alternative to required freshman courses, is linked with other high-demand 
courses, and offers closer interaction with research faculty. Students begin by enrolling in 
Research Methods, then choose one of >25 Research Streams, and participate in research as 
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part of their Stream through the subsequent Spring, Summer and Fall. Selected sophomores 
may remain in the program through the following Spring to mentor incoming freshmen. For 
example, as a founding faculty member of the FRI program, I have run a research stream since 
2005 on "Nanomaterials for Chemical Catalysis" (https://sites.google.com/site/frinanostream ). 
which now has trained and educated over 400 undergraduates of diversity (35% minority, 50% 
female) in the area of nanoscience and technology. This program has significantly improved 
retention (70% on track to graduate 
within 4-years) and graduation rates (a 
doubling) of at-risk, underrepresented 
students enrolled in CNS majors. This 
program has also expanded interactions 
with corporations, industry researchers, 
and local small businesses and provided 
new opportunities such as internships 

Photo of undergraduate students participating in the 
and jobs after graduation. 2014 Nano-Stream at UT-Austin. 

The CNM has also supported several large scale research centers funded by the NSF and 
DOE. For instance, currently the CNM provides administrative support, facilities training and 
management, and educational resources to support a $15M DOE funded Energy Frontier 
Research Center (EFRC) based on solar energy and electrochemical energy storage 
( www.efrc.n 3 n 0 .utexas.edu ). Since 2009 this DOE program has trained and educated over 72 
graduate students and postdocs that now have entered the energy workforce. This program is 
currently pending a five-year renewal. 

Specific Examples of the Value Added to STEM and Workforce Needs: 

CNM sponsored programs integrate education, research and training to increase students' 
competitiveness for fellowships, national awards, graduate school, postdoctoral fellowships 
and industrial positions 

• Educational outreach increases the public's appreciation of scientific and engineering 
excellence in nanotechnology at UT-Austin 

• Secondary school students are recruited to UT-Austin as science and engineering majors 
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• Undergraduates at other campuses are recruited to UT-Austin as graduate students 
. CNM resources and programs are leveraged by CNM-affiliated faculty to Initiate and 
sustain their own education and teaching efforts for federal grants 
. CNM supports mechanisms for modernization of undergraduate education and training 
programs to increase students' competitiveness in the workforce 
. CNM runs the Doctoral Portfolio Program in Nanoscience and Nanotechnology 
o 119 graduate students have earned credentials to date 
o Current enrollment of >60 students representing >10 disciplines 
. CNM supported the Summer Nanoscience Academy aimed at educating HS students and 
Teachers 

o Originated as a NSF IGERT-funded educational outreach activity 
o More than 100 HS students and teachers have participated in the program since 
its inception in 2007 

. CNM established a UT Pan Am Materials Partnership to increase minority participation 
o Funded UTPA undergraduates’ trips to UT-Austin for training and data 
acquisition on CNM equipment 

o Pairs UTPA undergraduates with UT-Austin graduate students and faculty to 
consult on nanotechnology research 
o This program was leveraged in a past $1.5M NSF CCI Phase 1 proposal 
. Supported the Partner University Fund (PUF) international student/faculty exchange 
o Funded student and faculty exchanges between CNM And Universite Joseph 
Fourier, Grenoble, France 

o Supports fellowships to attend Summer European School on Nanosciences and 
Nanotechnologies (ESONN) in Grenoble, France 


The CNM also provides training, management and maintenance of a suite of $28M in 
nanofabrication and analysis tools to a user base of more than 300 students, postdocs and 
faculty, annually. The CNM works with UT-Austin faculty and other Centers to identify 
instrumentation needs and acquire new instrumentation capabilities via federal and private 
funding. CNM staff technicians and facility managers consult with faculty to develop customized 
tools and techniques for their research needs. Other investments associated with the 
Microelectronics Research Center (former host of a National Nanotechnology Initiative Network 
site) and the Texas Materials Institute complement CNM's nanotechnology resources and 
infrastructure investments. 

Specific Examples of the Value Added to STEM and Workforce Needs: 

• Increased research productivity and training of students through well-managed and 
maintained nanotechnology facilities with minimal downtime 
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• Access to of state-of-the-art nanotechnology facilities on campus improves recruitment 
and retention of undergraduates and graduate students. 

• Hands-on, state-of-the-art training provided to increase competitiveness in the STEM 
workforce 


I would like to close by restating my sincere appreciation to this committee, Congress, and the 
American people for the continual support of fundamental core science areas that have 
facilitated tremendous advancement of nanoscience and nanotechnology in this country. 
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Stevenson is a well-established electrochemist, materials 
chemist and nanoscientist with over 145 refereed publications, six 
patents, and five book chapters. Recent awards include the Society of 
Electroanalytical Chemistry (SEAC) Young Investigator Award 
(2006) and 2012 Kavli Fellow. He is the Director of the $38M 
Center for Nano- and Molecular Science and Technology (CNM). He 
also is acting thrust leader on a $11.2M DOE Energy Frontiers 
Research Center at UT-Austin. His research interests are aimed at 
elucidating and controlling chemistry at solid/liquid interfaces vital to 
many emerging technologies and on advancing an array of important 
electrochemical materials applications including chemical sensing, 
energy conversion and storage, electrochromics, and electrocatalysis. 

Stevenson has also been extremely innovative in pursuing 
major educational initiatives. In addition to being the State 
Director of the Welch Foundation Summer Scholars Program 
(2008-present), he is one of the original founding faculty members of a program now known as 
the Freshman Research Initiative (FRI) at UT-Austin. The FRI program currently involves over 
25 research faculty and >700 undergraduate researchers per year; and is transforming the way 
undergraduate research is conducted at large scale universities. 
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Chairman BUCSHON. Thank you very much, Dr. Stevenson. 

Dr. Hersam, you are recognized for five minutes. By the way, I 
graduated from the University of Illinois, so welcome. 

TESTIMONY OF DR. MARK HERSAM, PROFESSOR, 
DEPARTMENT OF MATERIALS SCIENCE & ENGINEERING, 
MCCORMICK SCHOOL OF ENGINEERING & APPLIED SCIENCE, 
NORTHWESTERN UNIVERSITY 

Dr. Hersam. Very glad to hear it. 

On behalf of Northwestern University, I would like to thank 
Chairman Bucshon, Ranking Member Lipinski, Ranking Member 
Johnson, the entire Subcommittee on Research and Technology for 
the opportunity to participate in today’s hearing. 

I am currently Professor of Material Science and Engineering, 
Chemistry, and Medicine, and Director of the Materials Research 
Center at Northwestern University. My research group studies and 
develops nanomaterials for use in a wide range of technologies, in- 
cluding electronics, photovoltaics, batteries, catalysis, and bio- 
imaging. 

A significant portion of our research has been patented and com- 
mercialized, including our work on carbon nanomaterials that serve 
as the basis of a startup company that I cofounded called 
Nanointegris. I have also been deeply involved in the development 
of education and outreach activities based on nanoscience and 
nanotechnology. 

The vast majority of my research has been funded by the Na- 
tional Nanotechnology Initiative. While much of this research fo- 
cuses on applied technologies, the systematic application develop- 
ments have been punctuated by discontinuous unanticipated break- 
throughs. 

Therefore, while I strongly support the emergence of applied 
nanotechnology research funding, nanoscience remains an ex- 
tremely fertile ground for discovery and therefore a diversified fed- 
eral funding portfolio that includes strong support for fundamental 
research is critical to realize the full potential of nanotechnology. 
In particular, an expansion of the National Science Foundation 
Nanoscale Science and Engineering Centers would foster funda- 
mental research, bring new discoveries, and accelerate innovation 
in nanotechnology education and outreach. 

With its ability to impact diverse and interdisciplinary problems 
in medicine, health, environment, water, energy, catalysis, elec- 
tronics, photonics, magnetics, and infrastructure, nanotechnology 
touches essentially all technological sectors and will continue to im- 
pact economic and job growth for the foreseeable future. In my role 
as Co-Chair of the National Science Foundation’s sanctioned global 
study entitled, “Nanotechnology Research Directions for Societal 
Needs in 2020,” it is apparent that this opinion is now widely held 
globally leading to substantial investments in nanotechnology by 
governments throughout the industrialized world. 

Consequently, to maintain American global competitiveness and 
fully realize nanotechnology applications, sustained and predictable 
support of the National Science Foundation Nanosystems Engineer- 
ing Research Centers and related applied research centers across 
all funded agencies would be required. In addition, the National 
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Nanotechnology Infrastructure Network should he reinstated to 
provide regional hubs and enable universal access to nanotech- 
nology infrastructure. 

The ultimate judge of the utility of any technology is its ability 
to succeed as a commercial product in the marketplace. Towards 
that end, the Nanoscale Science and Engineering Center at North- 
western University has launched 14 startup companies in diverse 
technologies ranging from biomedical diagnostics to nanoelectronic 
materials. 

The company that spun out of my lab, Nanointegris, is among 
those 14 startups. In its early stages, Nanointegris benefited sig- 
nificantly from federal funding in the form of small business inno- 
vation research grants that supported the scale-up of our carbon 
nanomaterial technology. By accelerating our technical milestones, 
federal funding allowed Nanointegris to more quickly focus on busi- 
ness development, ultimately growing revenue and creating jobs. 
Expansion of the Small Business Innovation Research program will 
thus enable more nanotechnology startup companies to negotiate 
the so-called Valley of Death. 

Eurthermore, reforms targeting improved efficiency of the United 
States Patent and Trademark Office, where I have consistently ex- 
perienced waits of four to five years for a nanotechnology patent be 
issued, will allow valuable intellectual property to be secured 
quickly, thereby reducing commercialization risks and accelerating 
economic growth. 

It is well documented that the United States is trailing many 
other industrialized nations in STEM education. While this prob- 
lem is multifaceted with no simple solution, the situation is cer- 
tainly improved when the most talented American students are in- 
spired to pursue careers in science and engineering. In that regard, 
the incorporation of nanotechnology content into education and out- 
reach efforts has been exceedingly successful. 

Eor example, under the support of the National Science Eounda- 
tion, I incorporated nanotechnology into our materials science and 
engineering curriculum, resulting in a doubling of our domestic un- 
dergraduate population. Erom the perspective of commercialization, 
the Small Business Evaluation and Entrepreneur Program has 
united science, engineering, and business students in the develop- 
ment of business plans that have helped spawn multiple startup 
companies from Northwestern University. 

At the graduate level, the National Science Eoundation, the Na- 
tional Defense Science and Engineering Graduate Eellowship Pro- 
grams have been superlative at recruiting and retaining the top do- 
mestic science and engineering talent. Therefore, beyond its clear 
successes in producing significant discoveries and fostering innova- 
tion, the National Nanotechnology Initiative has proven to be one 
of the best federal programs for enhancing STEM education and 
thus American global competitiveness. 

In conclusion, I would like to thank you again for this oppor- 
tunity and your ongoing support of nanotechnology research, edu- 
cation, and commercialization. Thank you. 

[The prepared statement of Dr. Hersam follows:] 
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TESTIMONY 

of 

Professor Mark C. Hersam 
Northwestern University 
Evanston, Illinois 

to the 


Committee on Science, Space, and Technology 
Subcommittee on Research and Technology 
U.S. House of Representatives 
20 May 2014 


Introduction 

On behalf of Northwestern University, I would like to thank Chairman Buchson, Ranking 
Member Lipinski, and the entire Subcommittee on Research and Technology for the opportunity 
to participate in today’s hearing entitled “Nanotechnology: From Laboratories to Commercial 
Products.” I am currently the Bette and Neison Harris Chair in Teaching Excellence, Professor 
of Materials Science and Engineering, Chemistry, and Medicine, and Director of the Materials 
Research Center at Northwestern University. My research group studies and develops 
nanomaterials for use in a wide range of technologies including electronics, optoelectronics, 
photovoltaics, batteries, catalysis, and bioimaging. A significant portion of our research has 
been or is in the process of being patented and commercialized, including our work on carbon 
nanomaterials that has served as the basis of a startup company that I cofounded called 
Nanointegris. I have also been deeply involved in the development of education and outreach 
activities based on nanoscience and nanotechnology. I greatly appreciate the opportunity today 
to share my experiences and perspectives on several topics related to nanotechnology policy 
including fundamental research, application development, commercialization, intellectual 
property, education, and global competitiveness. 

Importance of Fundamental Research 

In many ways, I am a product of the National Nanotechnology Initiative. When I entered 
college in the mid-1990s, I initially intended to pursue an undergraduate degree in engineering as 
a stepping stone to an MBA and a career on Wall Street. However, these plans abruptly changed 
following a fundamental research seminar where I was introduced to the scanning tunneling 
microscope. Not only does the scanning tunneling microscope allow the atomic structure of 
matter to be visualized, but it can also be used as a tool to manipulate materials with atomic 
precision. I was immediately enthralled by the possibilities for nanofabrication at the nanometer- 
length scale, including the evidently attainable goal of constructing electronic devices and 
circuits with unprecedented computational power. Foreseeing a future that Included ubiquitous 
portable electronics that would revolutionize how individuals would interact with each other and 
technology, I decided to abandon the MBA plan and instead enroll in graduate school where 1 



69 


could pursue fundamental research on nanoelectronic materials. Since countless other practicing 
scientists and engineers have similar stories, I am confident that one of the most significant 
benefits of federally funded fundamental research is its ability to inspire and motivate young 
people to pursue careers in science and engineering and thus become the drivers of technological 
and economic growth. 

My career decision was subsequently validated when President Bill Clinton announced 
the National Nanotechnology Initiative during the final year of my PhD studies. In my 
independent faculty career at Northwestern University, the vast majority of my research has been 
funded by the National Nanotechnology Initiative. While much of this research has become 
increasingly applied as elements of the nanotechnology field have matured, these systematic 
application developments have been punctuated by discontinuous, unanticipated breakthroughs. 
For example, when the National Nanotechnology Initiative was announced in 2000, no one was 
talking about the material graphene (a one-atom thick sheet of carbon). However, this material 
was later discovered in 2004, rapidly advanced over the next 5 years, and ultimately won the 
Nobel Prize in Physics by the year 2010. More recently, a diverse range of additional atomically 
thin materials have emerged out of fundamental research laboratories. These nanomaterials are 
now poised to impact high value applications in information technology, energy technology, and 
biotechnology. Therefore, while I strongly support the emergence of applied nanotechnology 
research funding in recent years such as the Nanosystems Engineering Research Centers from 
the National Science Foundation, nanoscience remains an extremely fertile ground for discovery 
and therefore a diversified federal funding portfolio that includes sustained support for 
fundamental research is critical to realize the full potential of nanotechnology. For example, an 
expansion of the National Science Foundation Nanoscale Science and Engineering Centers, 
which have a significant focus on fundamental research, would effectively complement the more 
applied Nanosystems Engineering Research Centers. 

Sustained Commitment to Application Development 

Over the past decade, nanotechnology has proven to have broad, interdisciplinary impact 
in virtually all fields of science and engineering. As the co-chair of the National Science 
Foundation sanctioned global study entitled “Nanotechnology Research Directions for Societal 
Needs in 2020; Retrospective and Outlook,” I had the opportunity to meet with global 
nanotechnology leaders and observe diverse prototype nanotechnologies that positively address 
problems in medicine, health, environment, water, energy conversion/storage, catalysis, 
electronics, photonics, magnetics, and structural materials.''^ While some of these prototypes 
have begun the transition to the marketplace, others remain at a nascent stage. It should also be 
noted that most of the early nanotechnology application developments have exploited one 
specific nanoscale device or material, which suggests that significantly more innovation will 
emerge as multiple materials and functions are integrated into unified platforms. 

In this regard, the historical development of related technologies can provide insight into 
the likely future for nanotechnology application development. Since nanotechnology by 
definition focuses on .short length scales, it is particularly relevant to look at the historical 
development of other technologies that gained performance through miniaturization. 
Specifically, the microelectronics revolution is a poignant example of how the relentless 
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reduction in size of the solid-state transistor has driven ever-improving performance of integrated 
circuits, computers, and portable electronics. While the invention of the transistor was 
immediately recognized as a means of replacing the vacuum tube and thus could dramatically 
reduce the size and improve the effectiveness of computer technology, it took another 14 years of 
sustained effort to solve all of the materials compatibility and systems-level issues before the 
first integrated circuit was realized. Similarly, many of the early successes of nanotechnology are 
now in the midst of analogous sustained efforts to solve the reliability, reproducibility, 
integration, and systems-level problems that will maximize their potential. Consequently, 
sustained federal support in these areas will ensure that the full technological and economic 
impact of nanotechnology applications will be achieved. 

As noted above, the National Science Foundation Nanosystems Engineering Research 
Centers are providing such support in a select number of application areas. However, broader 
investments of this type across all funding agencies (e.g.. Department of Energy, Department of 
Defense, National Institutes of Health, and National Institutes of Standards and Technology) will 
be necessary to achieve the full range of nanotechnology applications. In addition, both 
fundamental and applied research requires universal access to nanotechnology infrastructure. 
Historically, the National Nanotechnology Infrastructure Network provided such infrastructure, 
but its future is currently in doubt. Renewal and expansion of this program will undoubtedly 
accelerate the timescales for nanotechnology innovation. In all cases, researchers will be able to 
plan and execute their application development most efficiently when funding is sustainable and 
predictable. Therefore, it is highly desirable for federal budgets to be announced and approved 
in a timely manner without the uncertainties and unpredictability that result from brinkmanship, 
government shutdowns, and unanticipated sequestrations. 

Commercialization and Intellectual Property 

The ultimate judge of the utility of any technology is its ability to succeed as a 
commercial product in the marketplace. Towards that end, many nanotechnologies that were 
originally supported by federal research grants have spun out of university research laboratories 
into startup companies. For example, during its 10 years of funding from the National Science 
Foundation, the Nanoscale Science and Engineering Center at Northwestern University launched 
14 startup companies in diverse technologies ranging from biomedical diagnostics and 
therapeutics to nanoelectron ic materials. The company that spun out of ray lab, Nanointegris, is 
among those 14 startups. In its early stages, Nanointegris benefited significantly from federal 
funding in the form of Small Business Innovation Research grants that supported the scale-up of 
our carbon nanomaterial purification technology. By accelerating our technical milestones, the 
Small Business Innovation Research program allowed Nanointegris to more quickly focus on 
business development, ultimately growing revenue and creating Jobs. Expansion of the Small 
Business Innovation Research program, especially at the Phase II level, will thus enable more 
nanotechnology startup companies to negotiate the so-called valley of death, resulting in 
sustainable economic and Job growth. Furthermore, early-stage proof-of-concept funding will 
enable more research laboratory concepts to reach the prototype level, which is often a 
prerequisite for successful commercialization. 
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While the Nanolntegris story is largely positive, its ultimate success was nearly 
compromised by issues surrounding intellectual property. The key patent application for 
Nanolntegris, which consisted of both method and composition of matter claims, was filed in 
early 2005. However, the initial office action response from the United States Patent and 
Trademark Office did not occur for nearly 4 years, and the initial patent, which only allowed the 
method claims, was not issued until early 2010. To this date nearly 10 years later, the 
composition of matter claims remain pending. While the 10 year timeframe on the composition 
of matter claims is exceptional, a wait of 4 to 5 years for a nanotechnology patent to be issued 
has been commonplace in my experience. Indeed, 1 currently have 28 nanotechnology patents 
pending, which implies that my commercialization attempts have largely occurred without 
formal patent protection. In the case of Nanolntegris, the absence of issued patents likely 
contributed to our technology being blatantly copied by multiple companies in Asia, which 
created stress on our emerging business that could have been minimized with more expeditious 
patent protection. Therefore, I strongly believe that policies that improve the efficiency of the 
United States Patent and Trademark Office are critical for advancing and protecting 
nanotechnology commercialization. 

Education and Global Competitiveness 

It is well documented that the United States is trailing many other industrialized nations 
in science, technology, engineering, and math (STEM) education at all levels including K-12, 
undergraduate, and graduate students."* While this problem is multi-faceted with no easy 
solution, the situation is certainly improved when the most talented American students are 
inspired to pursue careers in science and engineering. Towards this end, the incorporation of 
nanotechnology content into education and outreach efforts has been exceeding successful at 
Northwestern University. For example, under the support of the National Science Foundation, I 
incorporated nanotechnology into our undergraduate materials science and engineering 
curriculum, resulting in a doubling of our domestic undergraduate population. Similarly, efforts 
targeting undergraduate research, such as the Research Experience for Undergraduates program, 
have been successful at inspiring domestic students to pursue graduate study in this field. From 
the perspective of entrepreneurship, the Small Business Evaluation and Entrepreneur program 
and the NUvention program have successfully united science, engineering, and business students 
in the development of business plans based on nanotechnology research that have helped spawn 
the aforementioned 14 nanotechnology startup companies from Northwestern University. 

At the K-12 level, the Research Experience for Teachers program brings K-12 STEM 
teachers onto campus in the summer, allowing them to be exposed to the latest nanotechnology 
research that then inform their curricula and thus impact their K-12 students. Similarly, the 
Materials World Modules program reaches thousands of K-12 students by developing teaching 
modules that can be seamlessly incorporated into K-12 STEM curricula. Partnerships with local 
museums, such as the Chicago Museum of Science and Industry, allow the excitement of 
nanotechnology innovations to be disseminated to the general public. These education and 
outreach efforts were pioneered and directed in a coordinated fashion under the support of the 
National Science Foundation Nanoscale Science and Engineering Center. An expansion of these 
centers will therefore not only facilitate nanotechnology research but also provide tangible 
benefits to STEM education and American global competitiveness. 
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At the graduate level, the National Science Foundation and National Defense Science and 
Engineering Graduate Fellotvship programs have been exceedingly successful in recruiting and 
retaining the top domestic science and engineering talent. While these fellowships do provide a 
modest financial incentive to prospective graduate students, their true value is in the intellectual 
freedom that is provided to fellowship recipients. By combining the top talent with the freedom 
to pursue creative research solutions, federally funded graduate fellowship programs consistently 
produce significant discoveries, innovation, and domestic graduate students with a high 
propensity to remain in science and engineering in their subsequent careers. Consequently, an 
expansion of the National Science Foundation and National Defense Science and Engineering 
Graduate Fellowship programs would have immediate impact on graduate education and 
American global competitiveness. 

Conclusions 

In conclusion, the National Nanotechnology Initiative has successfully fueled 
fundamental discoveries, application development, commercialized technologies, educational 
innovation, and global competitiveness over the past 14 years. With its ability to impact diverse 
and interdisciplinary problems in medicine, health, environment, water, energy 
conversion/storage, catalysis, electronics, photonics, magnetics, and structural materials, 
nanotechnology touches essentially all technological sectors and will continue to impact 
economic and job growth for the foreseeable future. This opinion is now widely held globally, 
leading to substantial investments in nanotechnology by governments throughout the 
industrialized world. Consequently, coordinated, predictable, and sustained federal funding by 
the United States in both applied technology development and fundamental research will be 
critical to maintaining our global competitive advantage. In addition to continued growth of the 
National Nanotechnology Initiative, specific recommendations include expansion of the 
Nanoscale Science and Engineering Centers and Nanosystems Engineering Research Centers, 
reinstatement of the National Nanotechnology Infrastructure Network, expanded support of the 
Small Business Innovation Research program, reforms targeting improved efficiency of the 
United States Patent and Trademark Office, and growth of the National Science Foundation and 
National Defense Science and Engineering Graduate Fellowship programs. 
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Executive Summary of Testimony 

The National Nanotechnology Initiative has successfully fueled fundamental discoveries, 
application development, commercialized technologies, educational innovation, and global 
competitiveness over the past 14 years. With its ability to impact diverse and interdisciplinary 
problems in medicine, health, environment, water, energy conversion/storage, catalysis, 
electronics, photonics, magnetics, and structural materials, nanotechnology touches essentially 
all technological sectors and will continue to impact economic and job growth for the foreseeable 
future. This opinion is now widely held globally, leading to substantial investments in 
nanotechnology by governments throughout the industrialized world. Consequently, coordinated, 
predictable, and sustained federal funding by the United States in both applied technology 
development and fundamental research will be critical to maintaining our global competitive 
advantage. In addition to continued growth of the National Nanotechnology Initiative, specific 
recommendations include: 

(1) Expansion of the National Science Foundation Nanoscale Science and Engineering 
Centers due to their success in fostering fundamental research, breeding new discoveries, 
and accelerating innovation in nanotechnology education and outreach. 

(2) Sustained support of the National Science Foundation Nanosystems Engineering 
Research Centers and related applied research centers across all funding agencies (e.g.. 
Department of Energy, Department of Defense, National Institutes of Flealth, and 
National Institutes of Standards and Technology) to ensure that the full range of 
nanotechnology applications are realized. 

(3) Reinstatement of the National Nanotechnology Infrastructure Network to provide 
regional hubs and ultimately universal access to nanotechnology infrastructure for 
fundamental research, applied technology development, and commercialization activities. 

(4) Expanded support of the Small Business Innovation Research program both at Phase I for 
proof-of-concept demonstrations and at Phase II to help nanotechnology startup 
companies negotiate the so-called valley of death, resulting in sustainable economic and 
Job growth. 

(5) Reforms targeting improved efficiency of the United States Patent and Trademark Office 
so that valuable nanotechnology intellectual property can be secured quickly, thereby 
reducing commercialization risks and improving American global competitiveness. 

(6) Growth of the National Science Foundation and National Defense Science and 
Engineering Graduate Fellowship programs due to their proven success at producing 
significant discoveries, fostering innovation, and attracting the top domestic students with 
a high propensity to remain in science and engineering in their subsequent careers. 
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Chairman BUCSHON. Thank you, Dr. Hersam. 

I now recognize Mr. Ivie for five minutes to present his testi- 
mony. 

TESTIMONY OF MR. LES IVIE, PRESIDENT & CEO, F CUBED, 

LLC 

Mr. Ivie. Chairman Bucshon, Ranking Member Lipinski, and 
honorable Members of the Subcommittee, my name is Les Ivie and 
I am President and CEO of F Cubed, a company engaged in the 
commercialization of molecular detection technology for the rapid 
identification of pathogenic bacteria such as MRSA in wounds. Lis- 
teria in food — in contaminated foods, and E. coli in water samples. 
Our particular technology rests on exclusive of licenses obtained 
from the University of Notre Dame in South Bend, Indiana, as well 
as the Israel Institute of technology in Haifa, as well as several in- 
house patented inventions. 

Our investors have been extremely generous. However, we would 
not exist today if the underlying science behind our technology had 
not found support from the National Science Foundation or the Na- 
tional Nanotechnology Initiative. 

F Cubed is not a direct recipient of any federal funding. How- 
ever, the University of Notre Dame has received approximately 
$3.9 million in federal grants that were specifically used to develop 
our technology. I would respectfully suggest that funding basic re- 
search in an academic environment it is a good social and financial 
investment. Entrepreneurs will pursue and fund these technologies 
assuming that the economic environment is supportive, human re- 
sources are available, and regulatory obstacles remain manageable. 

With regard to human resources, STEM education is of critical 
importance to F Cubed. In the field of nanotechnology, the avail- 
ability of well-educated employees is critical to every company. 
STEM graduates come in at least two varieties. The typical STEM 
graduate is an individual with a bachelor, master, or doctoral de- 
gree. 

However, there is another type of STEM graduate that is impor- 
tant and often forgotten in this educational debate. In the area of 
nanotechnolo^ there are valuable two-year programs that produce 
individuals with associate degrees. The NSF-supported Nanotech- 
nology Applications and Career Knowledge network, or NACK, is 
a good example of such a program. These two-year programs are 
important because they graduate individuals that have knowledge 
and capability to operate and prepare robotic and electronic equip- 
ment that is used to manufacture nanotechnology products. 

STEM education is not monolithic. It is critical to support both 
traditional four -year and advanced degree programs, as well as 
two-year programs that produce the technicians that actually oper- 
ate production lines for nanotechnology products. 

F Cubed is an advisory member of NSF NACK and is fortunate 
enough to have a two-year nanotechnology program offered by Ivy 
Tech Community College in South Bend, Indiana. It is the only 
such program in Indiana. Many states have no comparable pro- 
grams whatsoever. This deficiency is absolutely worth correcting. 

F Cubed has exclusive licenses with two prestigious academic in- 
stitutions and significant experience in identifying technologies and 
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negotiating contracts with technology transfer offices. As an experi- 
enced licensee, we can state that the most challenging harrier to 
technology transfer is the time consumed in concluding negotia- 
tions. It is undeniable that startups are the engine that converts 
intellectual property into commercially interesting products. 
Startups license and commercialize new ideas and de-risk emerging 
technologies. 

With a few adjustments in the enabling language of grants, the 
federal government could reduce a major obstacle associated with 
technology transfer, thus ensuring that recipients are incentivized 
to quickly commercialize intellectual property and get it into the 
hands of companies willing to make a development risk benefiting 
the licensor and licensee, benefiting taxpayers who will see a great- 
er and faster return on their tax dollars, and bolstering the econ- 
omy at large. 

With regard to regulations, the materials used in nanotechnology 
are often new and exotic. Nanomaterials are used in minute quan- 
tities and are often so expensive the companies are economically 
incentivized to use as little as possible and absolutely minimize 
waste. Life science community benefits from an existing array of 
laboratory material safety practices, as well as good manufacturing 
practices that are not only customary within the industry but re- 
quired by federal agencies such as the U.S. Food and Drug Admin- 
istration and the U.S. Environmental Protection Agency. 

F Cubed strongly supports objective and thoroughly peer-re- 
viewed scientific investigations into the potential impact that nano- 
materials may have on health and the environment under the guid- 
ance of the National Science Foundation or programs such as the 
Unregulated Contaminant Monitoring Rule process established by 
the U.S. Environmental Protection Agency. It maybe that the quan- 
tity of nanomaterials in the environment is so low that additional 
regulation is unnecessary beyond current industry safety practices. 

The United States is a worldwide leader in nanotechnology. Our 
national approach to regulation must be rational and objective, not 
driven by misunderstanding of the materials in question or unsub- 
stantiated fears. 

In conclusion, nanotechnology is important to our universities, 
businesses, and consumers, many of whom will advance — will ben- 
efit from advances in medicine, food safety, and a cleaner environ- 
ment. Federal funding is a large component of basic research and 
translation of such research into products by privately financed 
companies must be faster and more deliberate if we are to main- 
tain our worldwide lead. It is critical that qualified technicians, en- 
gineers, and scientists emerge from STEM programs, and finally, 
regulation must be informed and intelligent. Safety is paramount. 

Thank you for your support of nanotechnology. 

[The prepared statement of Mr. Ivie follows:] 
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Chairman Bucshon, Ranking Member Lipinski, and honorable members of the 
Subcommittee, my name is Leslie T. Ivie, and I am President and CEO of F Cubed, 
LLC, a company engaged in the commercialization of molecular detection technology 
for the rapid identification of pathogenic bacteria in medical diagnostic, food safety, 
and environmental science applications. 'Ihank you for the opportunity to discuss 
nanotechnology. In my testimony I will describe: 

• The ways in which companies such as F Cubed, LLC have benefitted from Federal 
funding in nanotechnology research. 

• The importance of science, technology, engineering and mathematics (STEM) 
education in the development of the nanotechnology workforce and the ways in 
which F Cubed, LLC, is working to address the relevant STEM education and 
workforce needs associated with nanotechnology research and development and 
the manufacture of nanotechnology enabled products. 

• The time, expense and complexity of the technology transfer process are significant 
barriers to nanotechnology commercialization and market success. 

• Current and future Federal regulation of nanotechnology and the possible impacts 
on F Cubed, LLC and other participants in the industry. 

A brief summary of the key points covered in my testimony is provided at the end of 
this document 

My testimony today is informed by my experiences as an executive with several 
international corporations, as well as my background as the founder of three start-up 
companies in the US and Europe. At the present time, US academic institutions and 
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companies are the unquestioned world leaders in the field of nanotechnology. We 
operate in an economic environment that rewards innovation and we have access to 
human and financial resources that allow the development of highly differentiated and 
innovative technologies. Our ability to maintain or increase this lead requires the 
assurance of funding for the institutions that cultivate creative minds and develop 
individuals with the training and passion to innovate new technologies in a safe and 
productive environment. 

F Cubed, LLC, has developed a portable device for the rapid identification of 
molecules (for example, DNA) outside of laboratories and for use by lay people with 
minimal training. The product is designed to permit immediate medical diagnosis of 
potential MRSA‘ (MethicilHn-resistant Staphylococcus aureus) infection in abscesses, 
set the stage for easy and increased surveillance of fruits and vegetables to prevent 
distribution of contaminated foodstuffs, and allow for the rapid testing of polluted 
recreational and drinking water. Out technology rests on exclusive licenses obtained 
from the University of Notre Dame in South Bend, Indiana and the Israel Institute of 
Technology ((rechnion) in Haifa, as well as several in-house patented inventions. 

The core technology underlying our product is built upon the complex combination 
of nano-scale electrodes and microfluidic sttucmres that contain a matrix of carbon 
nanotubes characterized to hybridize with very specific DNA molecules. The 
hardware that we produce, a disposable biochip, is always the same. The matrix of 
carbon nanotubes varies by DNA taiget and is injected by robotic devices into to each 
biochip assembly in our facility in South Bend. This permits us to offer a wide variety 
of detectable targets. 

F Cubed, liC works closely with a wide variety of academic instimtions and 
regulatory bodies, including Purdue University, the US Environmental Protection 
Agency and the US Food and Drug Administration. Wc have a Cooperative Research 
and Development Agreement (CRADA) with the US Environmental Protection 
Agency that is focused on the identification of the pathogenic bacteria Enterococcus 
in fresh and marine recreational waters. In addition, the US Food and Dmg 
Administration has recently authorized us to begin human clinical trials for our MRSA 
diagnostic product. 

In 2008, the founders of F Cubed, LLC, selected a very difficult technology to 
develop, at a very challenging time. Like all other new companies we worked 
diligently to identify and attract investors, all of whom are private individuals with the 
means to support us, but also with a passion for our mission to create tools to 
improve health and productivity. We recruited the best employees available, attracting 
individuals from Pennsylvania, North Carolina, Texas, California, and New York, to 
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our facility in South Bend. All of our employees have classic STEM backgrounds 
from two-year nanotechnology degrees (technicians managing our production 
processes) to four-year and advanced degrees needed to conduct our life sciences and 
research and development efforts. 

Benefits Of Federal Funding 

Without question, the investors that have underwritten F Cubed, LLC, have been very 
generous. However, we would not exist today if the underlying science behind our 
technology had not found support from institutions such as the National Science 
Foundation and the National Nanotechnology Initiative (NNI)”. F Cubed, LLC, is 
not a direct recipient of any Federal funding. The inventor of our core technology 
and Chief Science Advisor, Dr. Hsueh-Chia Chang, is the Bayer Professor of 
Chemical Engineering at the University of Notre Dame. Dr. Chang and his team 
have received approximately |3.9 million in Federal grants that were specifically used 
to develop our technology”. 

This model will be familiar to the Committee; it works well. Groundbreaking 
developments in nanotechnology often emerge from academic research and are 
refined through subsequent attempts to demonstrate applications in specific areas 
such as medicine or environmental science. In those cases where the related 
intellectual property is strong, patents arc filed, and the technology is transferred to 
commercial firms, a large percentage of which are start-ups like F Cubed, LLC. These 
start-ups then begin the process of raising private funds to more thoroughly 
demonstrate the technology, define the market and potential customers, build 
prototypes, establish manufaemring capability, and eventually start selling product. 

If the process is successful, the start-up grows and becomes financially viable, the 
university and inventor benefit from royalties that may fund additional research and 
infrastructure. Recent programs such as the National Nanotechnology Initiative 
(NNI) have returned US science programs to their creative and application-oriented 
Edisonian roots. We hope that this model will continue to give US university 
researchers and US start-up companies a global edge in introducing new technology 
and solving previously intractable problems. 

Federal funds are well placed in an academic environment that can be focused on 
creative and differentiated research. These institutions have processes in place to 
encourage and cultivate such research, administer the needed controls to ensure 
compliance with Federal guidelines, and ensure that funding is properly allocated, 
expended, and tracked through project completion. Start-up companies, indeed most 
mid-sized companies, are not always equipped to manage the needed paperwork and 
processes associated with Federal grants and monitoring programs. Nevertheless, the 
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need for such basic research is great: it fuels start-ups and other companies that look 
to develop and commercialize technologjes. 

The current model works well and has resulted in an environment in which 
companies such as F Cubed, LLC can find exciting technologies to commercialize. 
We can focus on what we do best: prepare the market place for our products, 
commercialize the product, and sell solutions to customers in need of them. We can 
also find like-minded investors who are willii^ to risk their capital in the hope that 
they can cam an acceptable financial return. 

I would respectfully suggest that funding for basic research in an academic 
environment is a good social and financial investment. This is especially true for 
application-oriented research in nanotechnology. Entrepreneurs wiU find and pursue 
these opportunities, assuming that the economic environment is supportive, human 
resources are available, and regulatory obstacles remain manageable. 

Importance Of STEM Education 

Science, Technology, Engineering, and Mathematics (STEM) education is of critical 
importance to F Cubed, LLC. In the field of nanotechnology, the availability of well- 
educated employees is critical. Furthermore, many start-ups choose recent graduates 
with less experience because they are extremely motivated and enthusiastic as they 
start a new career and are less expensive in terms of salary and benefits. 
Nanotechnology as a discipline is new enough that candidates with deep experience 
simply are not available. 

In the field of nanotechnology, STEM graduates come in at least two varieties, and 
both are of critical importance. The typical STEM graduate would be an individual 
with a Bachelor of Science, Master of Science, or Doctorate in Chemical Engineering, 
Mechanical Engineering, Biology, or Physics. These individuals are critical for life 
sciences work and for research and development activities associated with designing 
and manufacturing a nanotechnology product. 

However, there is another type of STEM graduate that is important and often 
forgotten in this educational debate. In the area of nanotechnology there are active 
two-year programs that produce individuals with Associate degrees. The 
Nanotechnology Applications and Career Knowledge (NACK", a National Science 
Foundation National ATE Center for Nanotechnology Workforce Development 
program) Network is a good example of an organization that promotes education in 
the area and specifically delivers graduates with two-year degrees. 
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These two-year programs are important because they graduate individuals that have 
the knowledge and capability to operate and repair the robotic and electronic 
equipment that is used to manufacture nanotechnology products. Students are trained 
in environments and with equipment that is specifically used in nanotechnology; 
indeed, they are able to operate and repair equipment that most four-year and 
advanced degree STEM graduates would have had little or no exposure to in their 
educational experience. 'Ihis is an important distinction; graduates with four-year and 
advanced STEM degrees expect to work in research and development environments 
in which they design devices, tooling, and processes. They do not expect to actually 
work on the factory floor, and are often incapable of doing so or find it to be less 
stimulating and less challenging. NACK-type two-year graduates are trained to work 
on the factory floor and, in our experience, have proven to be ideal employees for this 
work. 

The ongoing discussion concerning the need to attract a diverse population of 
students into STEM disciplines is critical. Companies involved in nanotechnology 
and other high technology areas will find success and continue to lead the worldwide 
market place in direct proportion to the availability of such graduates. However, we 
may endanger our current position and potential for future success if we do not 
recognize the need for technicians in nanotechnology emerging from two-year 
NACK-like programs. It is important to ensure that such programs are available, are 
promoted to potential students, and that graduates are connected to companies in 
need of these skills. 

STEM education is not monolithic. It is critical to support both traditional four-year 
and advanced degree programs, as well as two-year programs that produce the 
technicians that actually operate the production lines for nanotechnology products. 
Successful companies will select the right combination of candidates from each group 
and find themselves in a much more competitive position. F Cubed, LLC, is a 
member of NACK and is fortunate enough to have a two-year nanotechnology 
program offered by Ivy Tech Community College in South Bend. It is the only such 
program in Indiana, and many states have no comparable programs whatsoever. This 
deficiency is absolutely worth correcting. 

Technology Transfer Challenges And Successes 

Technology transfer is a complex process. F Cubed, LLC has exclusive licenses with 
two prestigious academic institutions and significant experience in identifying 
technologies and negotiating contracts with technology transfer offices. Such 
negotiations are like any other large purchase: the buyer wishes to pay the lowest 
possible price for the most exclusive and flexible license; the seller wishes to receive 
the highest price possible, limit the scope of the intellectual property offered, and 
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reserve the option to offer similar licenses to other parties in adjacent areas of 
application. 

The hopeful licensee is often a start-up with very limited funding, little or no legal 
advice, and very little rime; the technology transfer office has a wealth of resources, a 
good deal of time, and abundant legal representation. In addition, intellectual 
property is the only asset that a start-up has available to use in discussions with 
potential financial backers; the longer the license discussions continue, the more 
difficult it becomes to raise funding to begin actual commercialization activities. As a 
licensee, the most significant barrier to technology transfer is the time consumed in 
concluding negotiations. 

Technology transfer offices try to operate as de facto profit centers for universities, 
attempting to transform original research into potential cash flow streams for future 
research or other university projects''. Based on our experience, technology transfer 
offices would prefer to work with established companies, but often find start-ups to 
be the most interested parties. However, license negotiations proceed in many cases 
in such a manner that would be expected between two large, equally experienced, and 
well financed organizations: start-ups are often forced to agree to terms that are less 
advantageous than desired because they cannot afford to drag out negotiations or 
continue to fund the ongoing participation of their legal counsel. 

It is undeniable that start-ups are the engine that converts such intellectual property 
into commercially interesting products. Large corporations continue to reduce 
research and development expenditures''' in favor of acquisitions of start-ups that 
have licensed and commercialized a new technology and, in effect, dc-risked the 
emerging technology. The benefit in the technology transfer process is that when 
these successful start-ups (which are likely producing a stream of royalty revenue for 
the licensor) are acquired, the large corporation will use its much greater production 
and distribution capacity to exponentially increase royalty revenues to the licensor. 

Licenses are linked to intellectual property such as patents, and patents are generated 
with grant funding, often from the Federal government. The difficult dance between 
offices of technology transfer and start-ups could be made considerably easier by 
linking the granted funds and concomitant intellectual property with a preference for 
a reasonably rapid commercialization and licensing processes. That would help 
remove time as an element of negotiation and lower a significant barrier in the 
technology transfer process. This would not require a preference for start-ups over 
established companies; rather it would merely speed up the process and result in 
benefits for all of the core participants, speed products to potential customers in the 
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market place, provide the tax payers with a quicker return on their investment, and 
enhance the US economy at large. 

It should also be acknowledged that the engjne of US economic growth is small 
business and start-ups are a significant component Start-ups by definition must hire 
new employees to commercialize technology. F Cubed, LLC, is still a small company, 
but we have become one of the fastest growing companies in South Bend. The more 
technology that is transferred into the hands of small companies, the more new jobs 
win be created, and the majority of these jobs will be for well-paid STEM graduates 
who will be able to contribute to their respective communities. Large corporations 
simply cannot match this process: they typically will roll such technology into existing 
research and development organizations and rarely enable the type of multiplier effect 
that start-ups can create. 

Success in terms of technology transfer and licensing first requires a definition of 
success: the most common definition is the ability to raise sufficient funding for the 
development venture. Investors are attracted to highly differentiated technology, 
freedom to practice and implement the technology in the broadest possible sense, and 
creation of a business team with experience and a plan to achieve success in a 
reasonable amount of time. 

F Cubed, LLC, methodically examined more than 100 technologies available from a 
variety of public and private institutions. We interviewed the inventors and examined 
the commercialization terms offered by the technology transfer offices. Of course, 
we examined our own development capabilities and matched technologies with 
potential investors with passions and interests in certain technology fields. Eventually 
we selected the University of Notre Dame and started the negotiation process. 

The inventor of the technology. Dr. Hsueh-Chia Chang, was anxious to see his work 
commercialized. We also learned that the US Environmental Protection Agency was 
very interested in using this type of technology for recreational water testing. Finally, 
we had connections with potential investors very interested in the area of rapid 
molecular diagnostics. Through a combination of luck, good negotiating skills, and 
selling capability, we were able to conclude our first license and raise our first round 
of funding during the same week. 

Our second license witli the Israel Institute of Technology was considerably easier to 
manage because we had funding, an established reputation as an innovator in the area 
of molecular diagnostics, and influential board members that could help us sway the 
office of technology transfer. TTie entire licensing process was concluded in a few 
months. Time was still important while we had more money, we also had very 
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expensive legal representation, so concluding the negotiations in a timely manner was 
vital. 

Federal funding is critical for academic research and for technology transfer to 
companies Hite F Cubed, LLC. With a few adjustments in the enabling language of 
the granting process, the Federal government could lower the major obstacle 
associated with technology transfer: ensure that the institutional beneficiaries of 
Federal funding are incentivized to quickly commercialize technology and get it into 
the hands of companies willing to take a development risk that benefits the licensor, 
the licensee, tax payers who will see a greater and faster return on their tax dollars, and 
the economy at large. 

Nanotechnology Regulation 

The materials used in nanotechnology are new and often exotic. These include 
plastics, ceramics, and metallic nano-scale substrates, as well as a variety of nano-sized 
particles fabricated from a nearly uncountable number of materials. These particles 
range from well-known carbon nanotubes, to nano wires, and a variety of particles 
fabricated from mundane materials such as latex to exotic metal alloys. 

Nano materials are used in minute quantities and often are so expensive that 
companies such as F Cubed, LLC, are economically incentivized to use as little as 
possible and absolutely minimize waste. As a participant in the life sciences industry, 
F Cubed, LLC, benefits from an existing array of laboratory and materials safety 
practices, as well as Good Manufacturing Practices''” that ate not only customary 
within the industry, but also required by Federal agencies such as the US Food and 
Drug Administration and the US Environmental Protection Agency. 

For example, raw materials such as carbon nanotubes and related functionalizing 
chemicals are accompanied by MSDS (Material Safety Data Sheets)'” that describe 
required handling and disposal processes. F Cubed, LLC, like all companies in our 
space, administer this process through our laboratory safety manager. The state of 
Indiana, the Occupational Safety and Health Administration, and our lessor / landlord 
(the University of Notre Dame) periodically review our processes and facilities. While 
our waste streams are measured in grams and milliliters, they are disposed of through 
accredited scientific disposal companies. 

Each one of our disposable biochips contains micrograms of nano-particles. As the 
biochip is used, the nano-particles arc transported through the biochip and trapped in 
a hermetically sealed waste reservoir. This permits disposal of the entire biochip 
through regular hazardous waste channels, ensuring safety and customer convenience. 
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Our market research indicates that our approach is similar to features found in most 
life science products containing nano-particlcs or other nano-materials. 

Our experience indicates that research organizations and companies using nano 
materials handle them with great care. As noted above, these materials are ejuite 
expensive, are used in minute quantities, and are often modified through combination 
with other materials into MteraUy thousands of final forms. While it may theoretically 
be possible that these materials could be discarded in common solid or water waste 
streams, this is rare. 

Concerns have been expressed that nano materials may have deleterious human health 
effects. F Cubed, LLC, has no reliable scientific information from our suppliers or 
academic research colleagues to indicate that there is significant risk. Nevertheless, as 
a responsible member of our community, we understand that individuals and public 
entities might have questions about nano materials. For example, concerns have been 
raised about micro-beads'* used in consumer products (toothpaste and other hygiene 
products) passing through water treatment facilities and entering the environment, 
where they may dismpt the feeding habits of aquatic animals and result in other 
unknown impacts. 

Micro-bead use is measured in hundreds of thousands of kilograms of homogeneous 
waste each year. Heterogeneous nano materials are used in quantities that can be 
measured in tens of kilograms per year and are not discarded in such a way that they 
can measurably pollute public waters or landfills. That does not mean that nano- 
materials should be excluded from Federal regulatory efforts, however. 

F Cubed, LLC, strongly supports objective and thoroughly peer-reviewed scientific 
investigations into the potential impact that nano materials may have on health and 
the environment under the guidance of organizations such as the National Science 
Foundation or programs such as the Unregulated Contaminant Monitor Rule 
(UMCR)* process established by the US Environmental Protection Agency. Such 
studies first determine how much nano-material is injected into solid and liquid waste 
streams. It may be that the quantity at issue is so low that additional regulation is 
unnecessary, beyond current laboratory safety practices, materials safety practices, and 
Good Manufacturing Practices. Of course, should such studies indicate the presence 
of a risk, then the next step would include in vitro testing and epidemiological reviews 
which are likely to be quite complex given the heterogeneous nature of nano 
materials. 
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The US is the worldwide leader in nanotechnology. Our national approach to 
regulation of nanotechnology must be rational and objective and not driven by 
misunderstanding of the materials in question or by unsubstantiated fear. 

Concluding Thoughts 

Nanotechnology is important to our universities, businesses, and consumers, many of 
whom will benefit from advances in medicine, food safety, and a cleaner environment. 
Federal funding is a large component of basic research, but the translation of such 
research into products by privately financed companies must be faster and more 
deliberate if we our to maintain our worldwide lead. Regulation must be informed 
and intelligent: safety is paramount and must be focused on the applications at hand. 
Finally, it is critical that human resources emerge from STEM programs at technician, 
engineer, and scientist levels because the development and commercialization of 
nanotechnology products require broad design and production expertise. 

Thank you for your support of nanotechnology. I would be pleased to answer your 
questions. 


Testimony of Leslie T. Ivic, T Cubed, L1.C, Befi^re the House Subcommittee on Research, Nfay 20, 201 4 


10 of 13 



87 


Summary Of Testimony 

• US academic institutions and companies are the unquestioned leaders in the field 
of nanotechnology, due in large part to an environment that rewards innovation 
and provides access to the appropriate human and financial resources. Wc 
strongly support an investment model in which Federal funding fuels targeted 
university research and private funding supports entrepreneurs who develop and 
de-risk technology. Start-ups in this area are an engine of economic growth 
supplying much-needed products and creating new jobs for recent STEM 
graduates. 

• STEM programs arc critical to the development and commercialization of 
nanotechnology, but they are not monolithic: It is important to encourage 
continued growth in four-year and advanced degree programs. However, this 
cannot be done at the expense of two-year programs that have proven to be 
critical in the education of technicians who are able to operate the equipment and 
tools that produce nanotechnology devices. NACK (Nanotechnology 
Applications and Career Knowledge) is a good example of a successful and much 
needed two-year program. 

• Technology transfer is often a batde between highly resourced universities and 
barely resourced start-up companies. Both parties wish to commercialize 
technology and solve intractable problems, however the process of licensing is 
very slow and financially draining. Enabling language in the granting process that 
incentivizes speed could be highly beneficial in turbo charging this process and 
permitting start-ups to do what they do best: create new jobs and de-risk 
technology that can be passed on to larger corporations in the future. 

• Creating technologies with new and exotic materials is exciting for those who 
understand the process and perhaps frightening to others who have witnessed 
miracle applications turn into health and safety problems. It must be understood 
that nanotechnology was born into an enviromnent of laboratory and materials 
safety and Good Manufaemring Practices that were created to limit health and 
environmental risks. Also, the minute quantity and heterogeneity of 
nanotechnology materials further reduces their potential risk. Nevertheless, it is 
incumbent on regulatory bodies and nanotechnology companies to undertake an 
effort to determine if nanotechnology waste streams are significant in volume 
(perhaps through something similar to the Unregulated Contaminant Monitor Rule 
process) and propose regulations that arc in line with the associated risk. 
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Witness Biography 
LesUe T. Ivie, F Cubed, LLC 

IxsHe T. Ivie is President, CEO, and a founding member of F Cubed, LLC (“F3”), an 
Indiana corporation. He was also founder and Chief Operating Ofhcer of Gas CHp 
Technologies, Inc. Prior to foimding F3, he was Chief Technology Officer at 
Honeywell International. 

Mr. Ivie was instrumental in selling Zurich-based Zellweger Analytics AG to 
Honeywell international and the later purchase of First Technologies Pic. by 
Honeywell International. He was also Senior Vice President and Chief Operating 
Officer of Zellweger Luwa AG in Switzerland after serving as Executive Vice 
President for Research and Development at Zellweger Uster AG in Switzerland. 

He was a founder, board member, and later Chairman of the Board for TextiUio AG, 
an Internet company based in Zurich, Switzerland. Mr. Ivie held a variety of 
positions at United Technologies Corporation, including Director of the Escalator 
Business Unit for Otis Elevator Company. In addition to residing abroad in 
Switzerland, he has lived in Japan, Brazil, and Germany. 

Mr. Ivie is a member of the National Advisory Council for the NSF Nanotechnology 
Applications and Career Knowledge (HACK) Network. 

Mr. Ivie graduated from Portland State University with a Bachelor of Science in 
Mathematics and a Bachelor of Science in Economics and from the University of 
Denver with a Master of Business Administration. Mr. Ivie holds patents for gas 
analyzer apparatus and methods of analyzing gases and is an inventor of several 
pending patents in the area of DNA sample preparation and molecular detection. 
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End Notes 


More information about MRSA can be found at: https://en.'wikipedia.oig/wiki/Mrsa. 

More information about the National Nanotechnology Initiative can Ik found at http://nano-gov . 
Electromagnetically Controlled Self-Assembly of Nano and hlicfo Colloids for Miniature Medical Diagnostic 
Kits, Notre Dame-Argonne Frontiers in Material Science Grant, 2003-2005, $200,000 (with I. Aronson). 

“Faradaic Micro-fluidic Devices for Complex Fluids”, National Science Foundation, 2005-2007, $100,000. 

“Risk assessment and management of the Great lakes species”. Great Lakes Protection Fund, 2006-2009, 
$1,090,000 (with D. Lodge, J. Feder). 

“Developing and Appl}-ing a Portable Real-Time Generic Probe for Detecting Aquatic Invasive Species in 
Ship’s Ballast, Great Lake Protection Fund, ^K)7-^I0, $805,000 (with D. M. Lodge and J. Feder). 

“Collaborative Research: Development of a Biofluid Transport, Separation and Molecular Analysis System 
using Microfluidics and a Miniature Mass Spectrometer”, National Science Foundation, 2009-2012, $1,500,000 
(with P. Bohn, G. Cooke and Z. Ou-yan^ joint Purdue-ND project. 

“Dielectrophoresis of Nanocolloids; A New Technique for Capturing Biomolecules and Biomarkers”, United 
States-Israel Binational Science Foundation, 2010-2014, $156,975 (with G. Yossifon and T. Miioh) 

The Nanotechnology Applications and Career Knowledge (NACK) Network is the NSF National ATE Center 
for Nanotechnology Workforce Development. Through resource sharing, providing course materials, and 
stressing broad student preparation, we will help create and sustain economically viable nanotechnology 
education across the U.S. More information about NACK can be found at http: / / n2no4me.Qrg . 

"University Start-Ups: Critical For Improving Technology Transfer", Brookings Institution, November 20, 
2013. http://www.brookings.edu/research/papers/2013/ri/univcrsity-start-ups-technQlogy-lransfer-valdivia 
More information about life science R&D spending can be found here: 
http://medcitynews.com/2012/12 /analysis-healthcare-wtll-spend-mofc-on-t-globalization-colkboration-wiU- 
rule/ . 

For more information concerning Good Manufacturing Practices, please see: 
https;//cn.wikipedia.org/wiki/Good_Manufacturing_Practice. 

More information about MSDS can be found at: https://en.wikipedk.ofg/wiki/Material safety data sheet . 
More information about micro-beads in the environment can be found here; 
htt p://www.motherjon es.com/environment/2013/09/microbeads-cleanser-Qcean-pQllution. 

More information concerning UCMR can be found at: 
http://water.epa.gov/kwstegs/rulesregs/sdwa/ucmr/ucmr3/index.cfm. 
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Chairman BUCSHON. Thank you, Mr. Ivie, for your testimony and 
all of the witnesses for their fascinating testimony. 

I want to remind the Members that the Committee rules limit 
questioning to five minutes and the Chair at this point will open 
the round of questions. I recognize myself for five minutes. 

First, Dr. Whitman, according to the President’s 2015 National 
Nanotechnology Initiative supplement, the proposed Fiscal Year 
2015 NNI budget is $1,537 billion, which is $1 million less than the 
estimated Fiscal Year 2014 spend amount and $13 million less 
than what was spent in Fiscal Year 2013. How can we remain com- 
petitive with fiat or decreased funding? 

Dr. Whitman. So, first, let me comment that historically the ac- 
tual budgets when they are reported are — can be quite a bit larger 
than that in the request. Many of the agencies, including the De- 
partment of Defense and even many programs within NIH and 
NSF and DOE aren’t specifically — aren’t nano-specific solicitations 
such that at the end of the process nano tends to be very competi- 
tive in competing for funds so that when the cross cut is done, it 
may in fact turn out that the nanotechnology budget may even 
have increased. 

So generally my comment would be that nanotechnology has con- 
tinued to be quite competitive in solving problems and leading to 
funding in the current very tight budget environment. 

Chairman BucsHON. Yes, that makes sense. 

Mr. Ivie, in your written testimony you write that our national 
approach to regulation of nanotechnology must be rational and ob- 
jective and not driven by misunderstanding of materials in ques- 
tion or by unsubstantiated fear. What type of leadership and prior- 
ities should be coming from the federal government regarding re- 
search on the environmental and safety impacts of nanotechnology? 

Mr. Ivie. I think the — excuse me, the U.S. Environmental Protec- 
tion Agency has a process which I refer to in my written testimony 
as UMCR, the Unregulated Contaminant Monitoring Rule, which 
has been very effective in identifying potential contaminants in the 
environment and has been very deliberate in the way they ap- 
proach this problem, much as they do with some of the things we 
look for such as E. coli. Listeria, and terracoccus. That is a good 
starting place for regulation of the materials that we use I think. 
It has been very deliberate and they relied on scientific processes 
and scientific contribution to that so I think that is probably the 
best place to start. 

Chairman BucSHON. Thank you. 

And as a physician, anyone want to comment? I was really inter- 
ested in reading in the press about the gold nano particles you 
mentioned Dr. Whitman — being attached and used for anticancer 
therapy. I was really excited about the possibility of micro-tar- 
geting cancer because, as a cardiovascular surgeon, we macro-tar- 
geted it by removing it. But obviously that doesn’t cure cancer in 
many aspects; for example, lung cancer, even in earlier stages, 
there is still a percentage of people that eventually do not survive 
their cancer even though there is no detectable cancer in the body 
at the time. Does anyone want to comment about the future of 
that? 
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Dr. Hersam, I see you — I mean I — that is an exciting area. And, 
Dr. Persons. 

Dr. Hersam. Yes. I think the opportunity for nanomaterials in 
this regard is the fact that in one particular material you can con- 
trol multiple properties concurrently, so we can functionalize nano- 
particles with a particular therapeutic agent. You can also 
functionalize it with a species that will direct where the agent will 
he delivered, and then you can have an external trigger such as an 
optical trigger, which can tell you exactly when the drug will he re- 
leased. And I think it is that temporal control or time control of 
the release which gives you the opportunity to give clinicians a new 
knob to turn to realize new therapies, more effective therapies. 

Chairman BucsHON. So in cancer cells is there a surface protein 
or something that you target? Is that how it works? 

Dr. Hersam. You can do it in that way. You can take advantage 
of differences in the pH or the local acidity of the environment. It 
doesn’t mean it is a triggering release. Or you can have an external 
trigger, which would be dictated by the clinician. 

Chairman BucsHON. Dr. Persons. 

Dr. Persons. Yes, Mr. Chairman. We did do a profile on nano- 
therapeutics as part of our study and we did look at one particular 
group, but I would just add to what Dr. Hersam was saying. There 
is some exciting work on functionalizing these nanoparticles. First 
of all, we will be able to just make them with pristine accuracy 
down to that scale and even design them so that they do have sort 
of a Trojan horse effect if you will uptake into the cancer or the 
malignant cells. So the highly targeted nature of that is very excit- 
ing. 

Thank you. 

Chairman BucSHON. Anybody else have any comments on that? 

If not, then I yield to Mr. Lipinski for five minutes for his line 
of listening. Thank you. 

Mr. Lipinski. Thank you. 

I just wanted to start out by talking about a potential reauthor- 
ization of NNI, which, as I mentioned in my opening statement, we 
haven’t done since 2003. I just want to start by asking any rec- 
ommendations that anyone has of — starting with Dr. Whitman, 
anything you would like to see in a reauthorization of NNI? 

Dr. Whitman. So as I commented in general, we think that the 
2003 act is fairly good. We have I think discussed in the past with 
a number of the Members one of the peculiar aspects of it is that 
there are actually multiple assessments called for in that act on 
different timescales and on different timescales than our other re- 
porting. So we are — we have both a National Nanotechnology As- 
sessment Panel and a National Research Council Panel on different 
timescales plus annual budget supplements and triennial strategic 
plans. So as the director of the office responsible for all of that, it 
is somewhat of a perpetual cycle of preparing for a review, respond- 
ing for a review, and so having a somewhat more efficient schedule 
for those and perhaps not as much redundancy would be helpful. 

Mr. Lipinski. Thank you. 

Does anyone else have any recommendations? 

Dr. Hersam. Yes. I mean what I would say is if we look at the 
maturity of nanotechnology, it is tempting to say there are winners 
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and we should invest in those winners and really develop tech- 
nologies to a higher level and I think that that should happen. 
However, nanoscience itself remains a fertile area for break- 
throughs, unanticipated new technologies. And so I think a diversi- 
fied portfolio both on the fundamental research side and on the ap- 
plied side is critical to take advantage of the full potential of this 
field. 

Mr. Lipinski. Thank you. 

Dr. Stevenson? 

Dr. Stevenson. Yes. I would like to comment. 

We had an NNI site, one of these infrastructure nanotechnology 
network sites at our Pickle Research Campus that is home of the 
Materials Research and Engineering Center, and they were part of 
the NSF last round of funding and they decided not to fund any 
of the new NNI sites. And this had quite an impact on our local 
campus just being able to bridge the gap so that we have a lot of 
facilities that need care and feeding, and also there is a lot of large 
user base with dedicated staff scientists. And without that contin- 
ued funding, then there is bridge funds essentially that are needed 
in order to keep that operational. 

The other thing to recognize is that a lot of this infrastructure 
that has — like these networks that have been built up, now there 
are several other new initiatives that actually are intertwined with 
the development and discoveries made in nanotechnology such as 
materials genome, the BRAIN Initiative, and a few others, 
mesoscale science in particular with the Department of Energy. 
Those types of new initiatives actually rely on a lot of the infra- 
structure and resources that were established by the NNI over the 
last 13 years. 

Mr. Lipinski. Thank you. 

Dr. Persons? 

Dr. Persons. Thank you, sir. I just would follow up. GAO in past 
work in looking at the NNI of course encourages a risk manage- 
ment-based approach on nano environment, health, and safety 
issues, so just would encourage based on our past work focus on 
that, although again in the same mode that Mr. Ivie was talking 
about in terms of a reasonable regulation type domain. 

I would also just echo what our study found, one of the large em- 
phases on the need for international standards on these things as 
it moves into the commercial sector. Thank you. 

Mr. Lipinski. Thank you. 

I want to move on to technology transfer that I think is critical. 
I know. Dr. Hersam, when you were starting your company 
Nanointegris that you applied and received SBIR grants, which 
you talked about. Can you talk about the importance of the SBIR 
program? And I will start with you and see if anyone else has any 
comments about what can be done to improve technology transfer 
when it comes to nanotech. 

Dr. Hersam. Yeah. So I would say that the SBIR program has 
been absolutely critical. In the very early stages it allows prototype 
developments. I think that is key in order to get additional private 
capital injected into nanotech companies. The Phase 2 funding is 
especially important for going to the next level, which is often the 
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scale-up level. The scale-up is critical if you want to get your prod- 
uct to a larger market. 

I think there is an opportunity to reassess the Phase 3 program. 
Often when you are entering into Phase 3 you approach this valley 
of death where if the company doesn’t get a significant injection of 
capital, it can perish at that stage, and I think there is a lot of 
companies that are suffering at that moment. A little hit more in- 
vestment from the federal government there would bring those to 
a profitable level and that of course would lead to economic growth. 

Mr. Lipinski. Anyone else want to — okay. 

I will yield back. 

Chairman BUCSHON. Thank you. 

I now recognize Mr. Collins for five minutes for his line of ques- 
tioning. 

Mr. Collins. Thank you. Chairman Bucshon. 

Dr. Whitman, I am from western New York. Cornell University 
has been a big participant in the NNIN, and recently their funding 
has come to an end, as we have — now looking at the next gen. I 
just wonder could you help the Committee understand a little bit 
more about where the next generation NNIN stands? And I believe 
there was some proposals you were asking, you got a couple of 
groups that submitted but neither one was selected. 

And I know our big concern in New York is the State matches 
the funds that come out of the NNIN. And as Dr. Stevenson said, 
there is infrastructure there and you just can’t cut it off and then 
expect it to reappear if there is even a six month delay. And so, 
you know, on behalf of Cornell University and others, I would like 
to better understand where that initiative stands and is there a 
basic understanding you can’t just turn the spigot off and expect 
to turn it back on six months later. 

Dr. Whitman. So, unfortunately, although the NNCO is hosted 
by NSF, I am actually not part of the NSF organization so that is 
really a question that you would have to ask NSF leadership. I can 
briefly comment on what they have stated publicly, which is that 
the program is important and they are, actually recently had a 
“Dear Colleague” letter soliciting advice on how best to proceed 
with the program, so it is not — I think the intention from NSF ap- 
pears to be to continue the program in some form. So, you know, 
I would be happy to take the question for the record to NSF and 
get a response but 

Mr. Collins. Yeah, maybe if you could. 

Dr. Stevenson, do you have any other comment as you have wit- 
nessed this firsthand? 

Dr. Stevenson. Yeah. I mean it is a little bit — with all the pres- 
sure with the cuts and the deficit, especially with new centers, like 
there was encouragement to actually diversify and create other 
nanoscale research and engineering centers. Maybe that is not 
going to be the best way to go if we already have these established 
networks because these are serious investments. The — so there 
needs to be some pushback, I think a little bit to some of these 
agencies to say, hey, you already invested in this. You need to con- 
tinue to do so. You can’t just leave these people hanging. 

Mr. Collins. Well, and right now I think, you know, time is of 
the essence. 
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Dr. Stevenson. Yeah, it — and this is really impacting our UT 
campus, our resources as well. 

Mr. Collins. So is there anything you could suggest that we 
could do on this Committee or in Congress to try to expedite this 
black hole that appears to be there? 

Dr. Stevenson. Just to recognize that these resources just can’t 
be cut off and that there are people behind them that actually en- 
able science, other funded initiatives and the growth of the tech- 
nology base. So at the NNIN site in Texas they are — have several 
companies, over 50 that use this facility on a daily basis, and those 
companies need that access, too, especially the small companies. 

Mr. Collins. Well, you know, again, Cornell shares that concern 
and so do I, so, you know, we will have to see what we might do 
to at least ask more questions and understand this is a resource 
that just can’t be turned off and then turned back on. 

With that. Chairman, I yield back. 

Chairman BUCSHON. Thank you. 

I now recognize Ms. Johnson for her five minutes for her line of 
questioning. 

Ms. Johnson. Thank you very much, Mr. Chairman. 

Dr. Whitman, the National Nanotechnology Initiative has had a 
workforce development component since it was established. Could 
you please speak to the efforts on education and workforce develop- 
ment and also talk a little bit about the education outreach activi- 
ties at the elementary or secondary level and how the NNI agen- 
cies such as the National Science Foundation is providing resources 
for teachers or informal STEM educators so they can effectively in- 
tegrate nanotechnology concepts into the classrooms and activities? 

Dr. Whitman. I will do my best. 

So this is not an area I have deep personal expertise, but I can 
tell you that nanotechnology — the federal government has worked 
hard to make nanotechnology a part of the federal-wide K-12 and 
postsecondary STEM education strategy. The NSF and the Depart- 
ment of Education have had a number of programs to do that. We 
in the NNCO do outreach at a variety of places. I actually person- 
ally attended the booth at the Science and Engineering Festival, 
which was a lot of fun. 

And there is also — NSF and other agencies support the National 
Nanomanufacturing Network, which also supports education, and 
there is also EHS-related work encouraging people to learn about 
the safe use of nanoparticles. 

Again, if you want to take that question for the record and I can 
provide additional information. 

Ms. Johnson. Okay. Thank you. 

I am concerned about the turning off and on, as just been men- 
tioned, and also in any kind of sustainability of how we can make 
sure there is a workforce, a research group in the future. Does any- 
body else on the panel have any comments? 

Dr. Hersam. Yeah. I am happy to comment on that. 

So the National Science Foundation Nanoscale Science and Engi- 
neering Centers would devote about, you know 1/4 to 1/3 of their 
budget to precisely STEM education and outreach. These programs 
were outstanding because you would have the latest in research 
impacting work being done at K-12 level, general public outreach. 
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undergraduate level. And these centers were designed to run for 
ten years, and the problem is after those ten years you have all 
this momentum and then, as you mentioned, the spigot is turned 
off and that gap in funding really decimates those programs. 

And consequently, having sustained and predictable funding will 
not only influence the fundamental research but perhaps more im- 
portantly STEM education and therefore American competitive- 
ness. 

Ms. Johnson. Thank you. 

What about the gentleman, Mr. Ivie, the Notre Dame graduate, 
do you see any deficit in your work in the future for talent? 

Mr. IviE. Yes. We see deficits in a couple of areas. One of them 
is in my written testimony and in my spoken testimony I high- 
lighted the impact that people with associate’s degrees have on our 
business. For us this is important because these are the people that 
actually operate our production lines and these people are hard to 
come by right now, and that is primarily because the NSF pro- 
gram, NACK, the Nanotechnology Applications and Career Knowl- 
edge Network is just starting to take off. 

Typically in our business we hire people with bachelor’s degrees, 
master’s degrees, Ph.D.’s, and while they may be interested in — for 
working on a production line with a robot that is applying nano- 
materials to our product for a few weeks, this isn’t something they 
want to make a career out of So this is one thing we are particu- 
larly concerned about. 

I think the other thing we are concerned about in general is the 
issue that I am sort of hearing from some of the other testimonies, 
which is spreading federal government money over too much terri- 
tory. As an entrepreneur, we view our business responsibility as 
taking this technology and commercializing it. We don’t see it as 
the university’s responsibility to do that for us. That is why we go 
out and find private individuals with a lot of money. Now, of 
course. Uncle Sam has a lot of money as well but that probably 
should be used somewhere else and I think that is also something 
that needs to be dealt with on the technology transfer side. 

Ms. Johnson. Thank you very much, Mr. Chairman. 

Chairman BUCSHON. Thank you. 

I now recognize Mr. Johnson from Ohio for his line of ques- 
tioning. 

Mr. Johnson. Thank you, Mr. Chairman, and thank you for hav- 
ing this hearing today. 

Dr. Whitman, in your written testimony on the NNI you write, 
“there is always room for improvement, as also suggested by the 
National Nanotechnology Advisory Panel and the National Acad- 
emies.” Could you please give us an idea of which specific areas 
you think need improvement and why they are necessary? Can you 
expand on that, please? 

Dr. Whitman. Sure. So one of the areas, you know, we have been 
working hard at is improving our interface to the business commu- 
nity, both to provide resources to them and so that we can hear 
them as stakeholders. So, for example, we heard mention about the 
availability of things like the SBIR program so we have in our of- 
fice a full-time industrial liaison person now and we have taken a 
number of steps to try to make our website a better resource for 
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industry and interface with groups like the Nanotechnology Busi- 
ness Commercialization Alliance to make sure they know who they 
need to talk to, bring people together, and support their needs as 
an industry community. That is one example. 

Mr. Johnson. Okay. All right. Thank you. 

Dr. Hersam, in your testimony you write that you “have 28 nano- 
technology patents pending, which implies that my commercializa- 
tion attempts have largely occurred without formal patent protec- 
tion.” So is this mainly due to the delays at the United States Pat- 
ent and Trademark Office? 

Dr. Hersam. That is correct. So the time from filing a patent to 
getting initial office action in my experience has typically been 
about three years, and then after the office action you are looking 
at another year or more before the patent is issued. This field 
moves so quickly that if you are going to commercialize, you have 
to go to market before your patent is issued, and therefore you are 
assuming risk because there is little legal recourse if your patent 
is not yet issued. 

So any effort that can streamline the operation or improve the 
efficiency of the U.S. Patent and Trademark Office I think will im- 
prove the ability to commercialize nanotechnologies because you re- 
duce risk that will allow easier time gaining investments and pro- 
tecting IP, which was developed in the United States. 

Mr. Johnson. How many patents team you have with the Patent 
and Trademark Office now? 

Dr. Hersam. Issued? 

Mr. Johnson. No. How many do you have waiting? 

Dr. Hersam. The 28 that you mentioned. 

Mr. Johnson. The 28 are still waiting? 

Dr. Hersam. That is right. 

Mr. Johnson. Okay. And how long have they been there? 

Dr. Hersam. It depends on the 

Mr. Johnson. Give me the oldest one. 

Dr. Hersam. I have one that was filed in 2005 that is still pend- 
ing. 

Mr. Johnson. Okay. Good grief, nine years. 

Dr. Hersam. That is correct. 

Mr. Johnson. How in your mind could the process be reformed 
at the Patent and Trademark Office and what specific policies do 
you think should be fixed and addressed, especially in this area 
that we are talking about, nanotechnology commercialization? 

Dr. Hersam. You know, it is hard to know exactly why thing get 
delayed, but presumably it is not enough patent examiners in this 
field. I mean that is what I would anticipate as a limiting factor. 
It just takes — there is a large stack on the desk and it takes a long 
time to get through those. So getting them on the desk of the ex- 
aminer more quickly presumably would be more examiners would 
help significantly. 

Mr. Johnson. But nine years. You think — I mean nanotech- 
nology, I can’t imagine that there is — I mean maybe there are and 
maybe I am wrong, but I can’t imagine that there are that many 
people flooding the desk of the nanotechnology department at the 
Patent and Trademark Office. 
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Dr. Hersam. Yes. So in that regard I guess I am as mystified as 
you are and it is not transparent or obvious to me why it takes so 
long. 

Mr. Johnson. Okay. All right. 

Well, Mr. Chairman, that — those are all the questions I have. I 
yield back the remaining balance of my time. Thank you, gentle- 
men. 

Chairman BUCSHON. Thank you. 

I now recognize Ms. Kelly for five minutes for her line of ques- 
tioning. 

Ms. Kelly. Thank you, Mr. Chair. 

Several of you mentioned successful public-private partnerships, 
including the College for Nanoscience and Engineering in New 
York. Are there lessons we can learn from public-private partner- 
ships in nanotechnology, in particular partnerships that involve 
significant leveraging of private funds? And whoever cares to an- 
swer can answer, which I hope someone cares to answer. 

Mr. I VIE. I will take a stab at it. 

Ms. Kelly. Okay. 

Mr. IviE. The University of Notre Dame has a program called 
ESTEEM, which is a graduate one-year program for establishing 
science and entrepreneurship amongst STEM graduates. I think we 
have seen that as becoming successful because, number one, they 
implant interns into our organization. That is people with degrees 
that are useful, help us develop our products, and also to turn 
these students into entrepreneurs themselves. 

I think most four-year graduates, while they like the idea of be- 
coming a business owner, what they don’t like is the idea of becom- 
ing impoverished in the process of doing that. However, what we 
have tried to explain to them is that if you are going to risk some- 
thing, risk something before you have a home, several car pay- 
ments, and children to support. 

So we have seen that partnership between us and them and 
other small businesses in our community become very successful. 

Ms. Kelly. That is great. I am sure they are worried about all 
the student loan debt. 

Mr. IviE. They are, believe me. 

Ms. Kelly. Anyone else? 

Dr. Whitman. So it certainly works best when you have a com- 
bination of strong technology pull from the industry where they see 
a market and a need that can be met and a good technology push 
with a new technology. That is what you will see in something like 
the Nanoelectronics Research Initiative. It also works well when 
the nature of that public-private partnership involves a lot of — a 
significant amount of precompetitive work such that industries feel 
they can work together at that stage, so that certainly is the case 
there. And then the other one — there is one actually with the forest 
products related to nanocellulose. In fact, there is a workshop going 
on today about that field and the challenges and opportunities for 
commercialization, but there is already a public-private partner- 
ship in the area as well so you need those kind of combination of 
things that make it work. 

Dr. Persons. Yes, ma’am. And I would just add on to Dr. Whit- 
man’s statement on — emphasizing the precompetitive research and 
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development sort of environment that is set up there. It is also — 
and seeing as each case is co-located with universities so you have 
this nice ecosystem of training, as has been mentioned a number 
of times. And there are strong involvement in integration with in- 
dustry needs overall, so there is lots of industries coordination on 
that side and there is coordination on the STEM or the educational 
side. 

Ms. Kelly. Thank you. 

Dr. Stevenson. I would add one specific example that Texas — 
is that — is part of the establishment of the NNIN site. They 
worked with a local company that was founded at University of 
Texas, Molecular Imprints. It has now been sold to Canon. And 
with that agreement the Molecular Imprints gave them a signifi- 
cant discount on the state-of-the-art lithographic capabilities that 
then helped facilitate the training from people from local compa- 
nies to use this technology at the NNIN site. And this was only en- 
abled because of the partnership between the federal investments 
to establish the NNIN capabilities Texas but also the fact that this 
company is really innovating in that particular area a totally dif- 
ferent way of doing nanofabrication than what is currently done in 
the commercial sense. 

So this partnership really had led not only the training of people 
at different companies but also students and graduate students in 
this area, so it was a very emerging cutting-edge technology that 
was enabled from that. 

Ms. Kelly. Thank you. I yield back. 

Chairman BUCSHON. Thank you. 

I now recognize Mr. Stockman, five minutes. 

Mr. Stockman. I am from Texas so I am glad to hear so much 
about Texas, and I think University of Houston also had some 
nanotechnology, so I don’t want to — representing Houston, I don’t 
want to leave that out. 

I have a friend up in Dallas who spent I think close to $100 mil- 
lion of his own money — I wish I could say I spent that — ^but — and 
one of the things he found out is he developed a nanotechnology. 
The people in the government, particularly the EPA, were not as 
familiar with what he was doing and they came in there and — in 
a way that prohibited him from doing things and research, which 
I don’t — there is a gap between government regulations and what 
they know and what they are proposing. And then the DOD told 
him he can’t sell his product to pay for his research because they 
said it is classified, so DOD won’t buy it. And so what happens 
now — he is looking at going to — in transferring his entire company 
to Abu Dhabi, and I am wondering if we can’t get feedback from 
you on how we could make sure that we don’t lose private corpora- 
tions because they feel restricted either through the EPA or the 
DOD. So feel free to answer. 

Dr. Stevenson. I am happy to answer at least one aspect of that 
question. Eirst of all, EPA seems to be bifurcated in their behavior 
towards certain materials. Eor example, contaminants that you 
would find in water such as Lake Michigan, they might spend 20 
to 25 years examining the problem, coming up with a prescription 
for the solution to the problem, and then implementing the solu- 
tion. What we have seen in nanotechnology is there already are a 
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huge number of regulations we are required to comply with, wheth- 
er that is laboratory safety, material safety, OSHA requirements, 
in Indiana, the Indiana Department of Safety and Health and then 
the University of Notre Dame, so there is already a very large con- 
tingent of regulations that we have to comply with. 

I think part of what we are seeing is probably a political reac- 
tion, number one, and secondly, a misunderstanding of what it is 
we are dealing with. They don’t understand the characteristics of 
the materials and many of their laboratories that they have in 
places like Cincinnati have not dealt with these things before. 

So the solution to what EPA is doing I am not sure what the so- 
lution is, but one thing I am certain is not a solution is not talking 
about it and that seems to be what is on the agenda right now. 
There isn’t a lot of public disclosure about what they are going to 
do. 

Mr. Stockman. Given that you are in the private sector, is there 
any way you can get to this Committee some of the problems you 
are seeing? Because I think for us we make laws for you to make 
and facilitate your productivity and we want to see you succeed, 
but if we don’t know the problems, we can’t correct that. And to 
me it was alarming because here is a guy who put in a lot of his 
own money and now is forced to leave because the people — given 
the rules and regulations, a lot of them don’t have a clue. I mean 
they don’t have a clue about what you are doing and so they just 
shoot in the dark at regulations saying, well, I hope this regulation 
is going to help. We don’t really know. There is no case study to 
prove our regulation is going to help and it is driving people out 
even before this industry takes off. 

And for me to see America’s competitiveness being driven down 
by people that don’t know what is going on is pretty alarming to 
me. 

Mr. IviE. Well, I think in my opinion what I would rather see 
happen instead of giving F Cubed a grant, for example, or a small 
business loan, what I would refer to see is something like a pro- 
gram at the U.S. EPA for the Unregulated Contaminant Moni- 
toring Rules that they already have in place to examine these 
things over a period of time with the NSF or an organization like 
that. We already know this has worked with other contaminants 
such as hexavalent chromium or hormones that are being injected 
into the water system through waste streams. That is probably the 
most important thing. I just don’t think they are being pressured 
to do that. That is where their true scientific capability lies. 

With regard to your friend who is going to Abu Dhabi, one thing 
I can say, we experience this on a daily basis. Many organizations 
in places, not so much the Middle East but in Asia, are spending 
a huge amount of money trying to do what we are doing. That is 
they are trying to develop entrepreneurs to take over nanotech- 
nology. The difference is that so far from a cultural point of view 
they have not succeeded in doing that. It is not because they are 
not just spending the money to try, however. 

Mr. Stockman. Well, they don’t even make the distinction be- 
tween friable and un-friable or in suspension. They just use a shot- 
gun. 
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But I appreciate your feedback. If you can get us ways that we 
can improve the efficiency, I would appreciate that. 

Mr. IviE. Certainly. 

Mr. Stockman. Thank you, Mr. Chairman. Thank you for having 
the hearing. 

Chairman BUCSHON. Thank you. And — excuse me. At this point 
I would like to thank the witnesses for their valuable testimony, 
very fascinating subject, and the Members for their questions. The 
record will remain open for two weeks for additional comments and 
written questions from Members. 

The witnesses are excused and the hearing is adjourned. 

[Whereupon, at 11:21 a.m., the Subcommittee was adjourned.] 
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Answers to Post-Hearing Questions 
Responses by Dr. Lloyd Whitman 

HOUSE COMMITTEE ON SCIENCE, SPACE, AND TECHNOLOGY SUBCOMMITTEE ON 
RESEARCH AND TECHNOLOGY 

"Nanotechnology: From Laboratories to Commercial Products" 

Questions for the Record, Dr. Lloyd Whitman, Interim Director of the National Nanotechnology 

Coordination Office and Deputy Director of the Center for Nanoscale Science and Technology, 
National Institute of Standards and Technology 

Questions submitted bv Ren. Larrv Bucshon. Chairman. Subcommittee on Research and 

Technology 

1. As you are aware, the House passed legislation to reauthorize the NNI once in the 1 10th 
Congress and TWICE in the 1 1 1th Congress only to see it die in the Senate. I would hope 
that the nanotechnology research world has changed somewhat in the past three years 
since this Committee last held a hearing on NNI. Given that NNI is "fimctioning" without 
any recent Congressional reauthorization, why should Congress reauthorize NNI? Could 
each of you comment on any areas that you see room for improvement or changes in a 
potential NNI reauthorization bill? Please explain. 

By reauthorizing the NNI, Congress would demonstrate a commitment to the field, which 
is important to the Nation for a number of reasons. First, that commitment sends a strong 
signal to scientists and engineers — especially students and young professionals — ^that 
resources will be available for research and development and that there is a future in the 
field, thereby ensuring a foil pipeline of new talent and ideas. Second, a national 
commitment to the NNI is critical to maintaining strong private-sector investments in 
commercializing nanotechnology-based products. By reauthorizing the NNI, Congress 
will help sustain vital support for fundamental, ground-breaking research, development, 
infrastructure, and education and training programs that collectively constitute a major 
U.S. innovation enterprise. 

The 2 1 St Century Nanotechnology Research and Development Act of 2003 calls for a 
biennial review of the NNI by the National Nanotechnology Advisory Panel in addition to a 
triennial review by the National Research Council of the National Academy of Sciences. 
While these external assessments provide critical expert input, the frequency and overlap of 
these two periodic reviews create a significant burden and expense to the NNI agencies. 
Streamlining these requirements by consolidating to a single external review, perhaps every 
four or five years, with a broadly-defined scope that is flexible enough to allow tailoring 
the topics to be covered in each review to the circumstances at hand, would be a more 
economical approach to informing the NNI and Congress. Similarly, the timeline for the 
NNI strategic planning process could then be adjusted to match the period of the external 
review, but with due dates that are staggered from those of the external review to allow 
time for the plan to respond to review recommendations, and for the review to assess the 
most recent plan. Ideally the external body performing the review could also be flexible, 
rather than being specified in legislative language as a “sole-source” provider, since a 
number of organizations might be qualified to assess different aspects of the NNI. 
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2. Within the NNI budget, could you recommend where significant savings can be achieved 
within the nanotechnology portfolio? Please explain. 

The NNI is a coordinated multi-agency initiative driven by bottom-up innovation, not a 
distinctly funded “program” with a centralized budget and management. One of the 
distinct advantages of such an initiative is that it is inherently efficient at supporting oniy 
programs and projects that most effectively meet each agency’s needs among competing 
priorities within the appropriated budgets. The competitiveness of nanotechnology 
among competing priorities is evident in the relatively stable overall support annually 
provided by the NNI participating agencies, in total, even in the current budget 
environment. 
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Question for the Record from Representative Lipinski (D IL) 

For Dr. Lloyd Whitman 

May 20 Hearing "Nanotechnology: From Laboratories to Commercial Products" 


At the hearing. Representative Collins (R NY) asked you about the funding for the National 
Nanotechnology Infrastructure Network (NNIN) that is supported by the National Science 
Foundation (NSF). I wanted to give you an opportunity to expand on your answer. 
Specifically, has the funding for NNIN stopped? Further, please explain the future of the 
NNIN, how NSF is working with the nanotechnology community, and how the next 
generation NNIN would continue NSF's investmentin nanoteehnology and the NNIN's user 
facilities? 

As Interim Director of the National Nanotechnology Coordination Office, I am not involved 
in the administration of the NSF’s NNIN program nor in NSF’s consideration of options for 
future, related programs. I would refer you to NSF for more information about this topic. 
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Question for the Record from Ranking Member Johnson (D-TX) 

For Dr. Lloyd Whitman 

May 20 Hearing "Nanotechnology: From Laboratories to Commercial Products" 


At the hearing, I asked you about the workforce development component of the National 
Nanotechnology Initiative (NNI). I was hoping that you could elaborate on the NNI's broad 
efforts on education and workforce development. What are the workforce development 
activities of the NNI? What are the education and outreach activities of the NNI at the 
elementary and secondary level? How are the NNI agencies, such as the National Science 
Foundation and the Department of Education, providing resources to teachers and informal 
STEM educators so they can effectively integrate nanoscale science and engineering 
concepts into their classrooms and activities? 

Education and a skilled workforce are fundamental to the successful development of 
nanotechnology. Both are primary components of Goal 3 as defined in the 2014 NNI 
Strategic Plan. The NNI agencies have a broad array of activities that support education 
and workforce development. These activities include internships; support for 
undergraduate, graduate, and postdoctoral researchers; programs focused on mentored, 
laboratory-based training; and professional development seminars, workshops, and short 
courses. Education is among the chief objectives of all NNI-funded university research. In 
addition, there are specific programs targeting K-16 education to improve nanotechnology 
curricula in U.S. schools and universities and to educate the public about nanotechnology. 
Some specific examples are described below, with more detailed information reported in 
the annual NNI Supplement to the President’s Budget and on nano.gov. 

The NCI Alliance for Nanotechnology in Cancer supports Cancer Nanotechnology 
Training Centers that are establishing innovative research education programs supporting 
the development of a cadre of investigators capable of pursuing cancer nanotechnology 
research. The training programs are focused on mentored, laboratory-based training in 
multidisciplinary research projects. Each training center also develops seminars, 
workshops, and short courses to teach the cross-cutting skills and knowledge necessary for 
successful research in cancer nanotechnology. The training centers have trained 1 25 
graduate students and postdoctoral researchers in multidisciplinary research, with a focus 
on cross-training in medical and physical sciences and engineering. More than 800 people, 
ranging from undergraduates to mid-career researchers, have participated in symposia, 
workshops, and conferences organized or hosted by the training centers. 

NIST and NSF are conducting a joint program that provides extended internships at NIST 
for community college students being trained in semiconductor manufacturing technology. 
The program is providing students with hands-on, practical experience in nanofabrication, 
processing, characterization, and tool maintenance in areas specifically targeted to meet the 
needs of U.S. manufacturers for skilled technicians. 

The NSF Nanotechnology Applications and Career Knowledge (NACK) Network, 
centered at Pennsylvania State University, is a nation-wide network that builds partnerships 
in nanotechnology education among research universities, 2-year community and technical 
colleges, and 4-year colleges/universities through resource sharing and creation of 
educational pathways for student development. An on-line portal (nano4me.org) enables 
broad access to resources for students, educators, and industry personnel with nearly 
40,000 downloads since January 2009. In addition to coursework and hands-on laboratory 
experiences for student and technician training, NACK provides hands-on introductory 
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workshops for educators and industry personnel with a focus on how to implement and 
teach courses. Over 1200 educators have attended these programs. 

In addition to the training and resources made available through the NACK Network, NSF 
supports Research Experience for Teacher (RET) programs at universities across the 
country, many of which involve nanotechnology. For example, the Center for Diversity in 
Engineering at the University of Virginia has hosted a series of RET programs and made 
the resources developed available online. Furthermore, these resources consider 
implementation within the Virginia State Science Standards of Learning (SOLs), the first in 
the country to include nanotechnology. 

The NSF Nanotechnology Center for Learning and Teaching, supported from 2004 through 
201 1, developed a vast array of resources available at the NanoEd Resource Portal that are 
now in daily use by teachers and students nation-wide. These resources, many of which 
are mapped to state education standards, include lessons and courses; seminars and 
lectures; and online lessons, simulations and games. 

In addition to teacher training and nanoeducation resources targeting the primary and 
secondary school levels, there are significant efforts underway to support outreach to 
students and the public at large. The NSF Nanoscale Informal Science Education (NISE) 
Network, led by the Museum of Science, Boston, has established an annual, nationwide, 
week-long NanoDays event and provides demonstrations for use across the country. The 
NISE Network has developed 121 educational products and distributed 1400 hands-on 
demonstration kits to all 50 states, resulting in 3 million encounters during NanoDays 
events. The actual reach is much broader — 100% of the participants report use of the kits 
throughout the year. In addition, in 2013, the NISE Network supported 90 mini-exhibitions 
on nanotechnology reaching 9 million people. 
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HOUSE COMMITTEE ON SCIENCE, SPACE, AND TECHNOLOGY SUBCOMMITTEE ON 
RESEARCH AND TECHNOLOGY 

"Nanotechnology: From Laboratories to Commercial Products" 

Questions for the Record, Dr. Lloyd Whitman, Interim Director of the National Nanotechnology 
Coordination Office and Deputy Director of the Center for Nanoscale Science and Technology, 
National Institute of Standards and Technology 

Question submitted by Rep. Bill Johnson 

It is crucial for both the economy of the United States - and Ohio in particular - that we continue 
to find ways to encourage the development and use of nanotechnology - considering that its use 
will help spur breakthroughs in other important sectors of our economy, such as manufacturing, 
health care, and energy production. To that end, what strategic investment changes should the 
United States make, in order to encourage the growth of revolutionary nanotech products? 

A current priority of the NNI is to foster the transfer of new technologies into products for 
commercial and public benefit, and to ensure that those products are safe. As enumerated in 
the 2014 NNI Strategic Plan, to achieve these goals we should: 

1. Assist the nanotechnology-based business community in understanding the Federal 
Government’s R&D funding and regulatory environment. 

2. Increase focus on nanotechnology-based commercialization and related support for 
public-private partnerships. 

3. Promote broader accessibility and utilization of user facilities, cooperative research 
centers, and regional initiatives to accelerate the transfer of nanoscale science from lab 
to market. 

4. Actively engage in international activities integral to the development and responsible 
commercialization of nanotechnology-enabled products and processes. 

5. Support the creation of a comprehensive knowledge base for evaluation of the 
potential risks and benefits of nanotechnology to the environment and to human health 
and safety. 

6. Create and employ means for timely dissemination, evaluation, and incorporation of 
relevant environmental, health, and safety (EHS) knowledge and best practices. 

7. Develop the national capacity to identify, define, and responsibly address concepts and 
challenges specific to the ethical, legal, and societal implications (ELSI) of 
nanotechnology. 

8. Incorporate sustainability in the responsible development of nanotechnology. 

One mechanism by which the development of select technologies is currently being 
accelerated is through the new NNI Signature Initiatives. These initiatives are designed to 
accelerate innovation in areas of national priority through enhanced interagency coordination 
and focused investment. They are intended to be dynamic, with topical areas rotating and 
evolving over time along with agencies’ strategic investment priorities. The current topics 
are as follows (with additional topics under development): 

• Nanotechnology for Solar Energy Collection and Conversion 

• Sustainable Nanomanufacturing 
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• Nanoelectronics for 2020 and Beyond 

• Nanotechnology Knowledge Infrastructure (NKI) 

• Nanotechnology for Sensors and Sensors for Nanotechnology 

NNI agencies are also participating in the President’s Advanced Manufacturing initiatives, 
which are complementary and synergistic with the NNI, particularly with the NNI’s efforts 
to promote commercialization and nanomanufacturing. 
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Responses by Mr. Les Ivie 


1441 North Michigan Street, Suite 2000, Soutfi Bend, Indiana 46617 USA 


June 26, 2014 


HOUSE COMMITTEE ON SCIENCE. SPACE AND TECHNOLOGY 
SUBCOMMITTEE ON RESEARCH AND TECHNOLOGY 



“Nanotechnology; From Laboratories to Commercial Products” 

Questions for the Record, Mr. Les Ivie, President and CEO, F Cubed, LLC 

Questions submitted bv Rep. Larrv Bueshon. Chaiman. Subeommittee on Research and 
Technology 

It is important to improve our understanding of any environmental, health, and safety issues 
associated with nanotechnology and to resolve uncertainties in the regulatory regime governing 
nanotechnology-related products. What should our priorities be for research on environmental, 
health, and safety issues? How should these priorities be set? What role should the federal 
government, academia, and Industry, respectively, play in conducting such research? Are current 
federal and private research efforts adequate to address concerns about environmental, health, 
and safety impacts of nanotechnology? What impact have regulatory and environmental 
uncertainties had on how the semiconductor and medical industries approach nanotechnology 
research, product manufacturing, and business/Job creation? 


Response; 

In terms of prioritization of nanotechnology materials with regard to environmental, 
health, and safety issues, the most sensible first step is to quantify the presence of 
such materials in the environment. Determining public exposure levels will provide a 
key metric in later decisions regarding regulation. 

The US Environmental Protection Agency (“US EPA”) has conducted a number of 
detailed studies as part of the Unregulated Contaminant Monitoring Program that has 
resulted in Unregulated Contaminant Monitoring Rules (“UCMR”). UCMR 1 (2001 - 
2005) examined 25 contaminants. UCMR 2 (2007 - 2011) examined 25 additional 
contaminants. UCMR 3 (2012 - 2016) is examining an additional 30 contaminants. 
The putpose of this program is to determine the presence of specific contaminates in 
the emtironment and then determine the regulation needed for those materials. The 
program administration and investigative methods are quite robust and the well 
respected by industry and academia. 

The Unregulated Contaminant Monitoring Program should be used to examine and 
measure the presence of nanotechnology materials in the environment. The program 
processes are well understood, and academia and industry are well practiced in 
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1441 North Michigan Street, Suite 2000, South Bend, Mana 46617 USA 


participating in the program and providing comments when the opportunity is 
prordded. 

The nanotechnology industry is present nationwide. The Federal Government should 
take the lead in examining the materials in question and ensuring that the approach is 
scientific, objective, and not overburdened by emotional and non-scientific scare 
tactics. Recent state regulatory efforts to control or eliminate the use of plastic 
microbeads (which are certainly not a nanotechnology material - please see the 
following citation; ) have demonstrated what can happen when unscientific scare 
tactics and poor science are applied to a potential environmental problem. Such 
responses will do little to positively impact public health and safety, and will 
significantly and negatively impact research, manufacturing, and job creation. 

The United States is a leader in nanotechnology, but we participate in a worldwide 
scientific and business environment. In the absence of specific UCMR data with 
regard to nanotechnology materials, we risk restricting the use of such materials or 
compromising their utility for little or no improvement in public health and safety. 
Our academic and business competitors outside of the United States are actively 
supported by their national governments to develop nanotechnology materials, 
optimi2e production of such materials to reduce costs, incorporate those materials 
into finish products, and export them to the United States. They support programs to 
develop entrepreneurs and ensure they can compete against US-based companies. 
Such countries have a track record of paying little attention to public health and 
safety, and certainly are uninterested in business and job creation in the United States. 
For example, the People’s Republic of China is now the world’s leading supplier of 
basic pharmaceutical compounds and also the leader in semiconductor manufacturing. 
It would be unfortunate to wimess the United States give up its leadership of 
nanotechnology. The negative impact on industries from medicine to aerospace is 
almost to terrifying to imagine. 

We value the environment, health, and safety. We have a history of efficiency and 
effectiveness in research and manufacturing that demonstrates that we can comply 
with sensible regulations and still win in the international marketplace. The key 
phrase is “sensible regulations”. The Unregulated Contaminated Materials Program 
and concomitant UCMR rules provide a scientific, objective, and reasonable way to 
examine nanotechnology materials, and provide a regulatory framework, if needed. 
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Additional Responses to Questions Posed at the Hearing 
Mr. Les Ivie, President and CEO, F Cubed, LLC 


Question One: Rep. Kelly asked about public-private partnerships. I provided information 
concerning a program at the University of Notre Dame, ESTEEM (Engineering, Science, 
Technology Entrepreneur Excellence masters program). 1 would like to add the following 
information as well. 

“F Cubed, LLC is an advisory board member of the National Science Foundation NACK 
(Nanotechnology Applications and Career Knowledge) program. The purpose of this program is 
equivalent to an trade apprenticeship program: students work towards an Associates Degree in 
Nanotechnology which includes internships at nanotechnology companies. Large companies 
such as Boeing and Coming participate in this program, as does F Cubed, LLC. Thus far we 
have had four interns in the last 12 months. We have offered full-time employment to three of 
the interns that graduated. We were pleased to see that the fourth intern was able to find a new 
career with Tenneco as a quality technician in one of their large automotive facilities. This 
summer, 2014, we have a new batch of interns, several of which we hope will join our 
company. There are dozens of NACK-associated community colleges around the USA that are 
trying to work with private companies with varying levels of success. One obstacle to success is 
the perception that two-year nanotechnology programs don’t meet STEM requirements. This is 
not only untrue, it also damages the ability of USA-based companies to compete on an 
international basis. Such programs deserve more vocal support in both the nanotechnology 
discussion, and in the debate concerning STEM programs.” 

Question Two: Rep. Stockman asked about regulation of nanotechnology in terms of DOD- 
related applications and environmental regulations. 1 provided information concerning 
environmental regulations, regulations in general, and the impact on competitiveness in the 
USA. 1 would like to add the following information as well: 

“In my written testimony I attempted to contrast unique and potentially important 
nanotechnology materials with such mundane materials as plastic microbeads used in toothpaste 
and personal care products. The US EPA and many state-based environmental regulators treat 
all such materials as pollutants, regardless of the quantity found in waste streams, the danger 
posed by the material in question, or the use of the material. It is absolutely critical that 
nanotechnology materials be treated with a much more care by regulators: they are used in 
minute quantities, offer incredible benefits in many applications, and absent studies to the 
contrary, are safe. Nevertheless, US EPA treats such materials with a broad brush and creates 
regulations that are burdensome, very difficult to manage, and have the effect of forcing certain 
manufacturing processes outside the USA. It would be very helpful if regulatory agencies were 
more thoughtful in their review of such materials. Perhaps legislation is required to ensure more 
detailed analysis by regulators, more extensive public comment periods, and more scrutiny of 
public interest groups who often drive regulatory discussions toward non-scientific and non- 
objective conclusions. A change to regulatory process is required, and required soon, or the 
USA will see its lead in nanotechnology erode even further.” 
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Submitted statement of lamak S. Smith, Chairman, Committee on Science, 
Space and Technology 

Thank you Chairman Bucshon for holding today’s hearing. 

Many believe nanotechnology has the potential to usher in the next industrial rev- 
olution. Last February, the Government Accountability Office (GAO) released a re- 
port that the Committee’s Chairman Emeritus, Mr. Hall, and I had requested, ti- 
tled, “Nanomanufacturing: Emergence and Implications for U.S. Competitiveness, 
the Environment, and Human Health.” 

The report described nanomanufacturing as a future megatrend with societal and 
economic impacts that could surpass even the digital revolution. It also predicted 
further scientific breakthroughs in this area that will lead to new engineering devel- 
opments and improvements in the manufacturing sector. 

The report recommended that Congress update current innovation-related policies 
and programs and that we promote U.S. innovation in manufacturing through pub- 
lic-private partnerships. One such public-private partnership is the National Nano- 
technology Infrastructure Network (NNIN). The NNIN is a partnership of user fa- 
cilities, supported by the National Science Foundation (NSF), which serves the 
needs of nanoscale science, engineering and technology. 

The University of Texas at Austin is home to one of these facilities called the 
Microelectronics Research Center (MRC). This center performs research to improve 
materials used in the integrated circuit industry and related industries. 

The MRC is more than a clean room with open-access to advanced nano-fabrica- 
tion equipment. It is a community of scientists who work together to share knowl- 
edge in order to ensure a more advanced and competitive America. 

More importantly, MRC is leading the way in the instrumentation for manufac- 
turing — precisely the area that was recommended for emphasis in the GAO report. 

In 2013, NSF requested proposals for a Next Generation Nanotechnology Infra- 
structure Network (NG-NNIN). Two teams of universities responded to this call. 
Last March, NSF decided not to fund either of the NG-NNIN proposals under con- 
sideration. 

Given the importance of nanotechnology research and the GAO report rec- 
ommendation that the U.S. maintain and enhance competitiveness in this area, I 
don’t know of a good explanation for NSF’s decision. 

I look forward to the witnesses’ testimony on how we can ensure that the U.S. 
remains the world leader in nanotechnology research. I would especially like to 
thank Chemistry Professor Keith Stevenson, from the University of Texas at Austin, 
for his participation this morning. 
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